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FRONT COVER: Cliffs in kyanite quartzite of Arvonia
Formation on west side of Willis Mountain (photo by R.
S. Good).
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FOREWORD

Publication of the following collection of reports is made possible through
joint funding by the Virginia section of the American Institute of Mining'
Metallurgical and Petroleum Engineers,Inc.; The Piedmont Planning District
Commission; and the Division of Mineral Resources, Department of Con-

servation and Economic Development, Commonwealth of Virginia.
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INTRODUCTION

Based on a mineral resources development study eompleted in March 1977'

the Piedmont Planning District Commission recognized the need to further
evaluate potential mineral resources through detailed geologic mapping.
Under contract with the Commission, the Division of Mineral Resources per-

formed a geologic survey of the Andersonville and Willis Mountain
quadrangles with an emphasis on potential economic mineral studies. Geologic
map reports for these quadrangles are complete and were distributed
December 1980. Additional information was developed during different phases

of this work and the collection of reports contained herein is an outgrowth of
these efforts.

The present volume includes summarys of these geologic map reports, the
results of three other geologic studies carried out under the same program,

and a field trip guide and road log prepared for the 1981 annual meeting of the
Virginia section of the American Institute of Mining, Metallurgical, and

Petroleum Engineers, Inc. The new results presented include those of:

regional geophysical surveys (aeromagnetic, aeroradiometric, and ground-base

gravity maps); reconnaissance geochemistry of stream sediments and seleeted

water samples (computer-derived maps of base-metal and mineral concentra-
tions); and geophysical data for 1? massive sulfide zones (location and elec-

tromagnetic anomaly map)and detailed geologic, geophysical and geochemical

surveys (surface geologic maps, drill-hole logs and sections, electromagnetic
and self-potential maps, and soil geochemistry maps).
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ABSTRACT

Willis Mountain and Andersonville Z.b-minute
quadrangles encompass approximately 112 square
miles (290 square kilometers) in southern Buck-
ingham, eastern Appomattox, northerh Prince Ed-
ward and western Cumberland counties in the cen-
tral Virginia Piedmont. The rocks within these
quadrangles range in age from Precambrian or
Lower Paleozoic to Triassic. These include. from

oldest to youngest, the Candler Formation, the
Chopawamsic Formation, the Arvonia Formation
and Triassic-age arkosic sedimentary rocks within
the Farmville basin. All rock types have been in-
truded by late Triassic-Jurassic diabase dikes. The
Chopawamsic Formation contains ferruginous
quartzites which are intimately associated with
massive sulfide deposits which may have commer-
cial value.

' Portions of this report may be quoted if credit is given to the Virginia Division of Mineral Resources. It is recommended that reference to
this report be made in the following form: Marr, J. D., Jr., 1981, Stratigraphy and structure (Triassic System by M. B. McCollum), iz
Geologic investigations in the Willis Mountain and Andersonville quadrangles, Virginia: Virginia Division of Mineral Resources Publica-
tion 29, p.3-8.



All pre-Triassic age rocks within the area have a
complex deformational history. The oldest rocks
display four distinct fold systems whereas the
younger Arvonia Formation rocks exhibit only
three fold systems.

INTRODUCTION

Willis Mountain and Andersonville quadrangles
are located in central Virginia. The total area of
study comprises tlz square miles (290 square
kilometers) bounded by latitudes 37022'30" and,

37o30'north and longitudes 78022'30" and 78037'30"
west.

A network of primary and secondary highways,
fire trails and logging roads provide access to most
of the area. The principal routes of travel are U.S.
highways 60 and 15, and State roads 640 and 636.
The population is mainly rural. Lumbering, mining
and farming are the principal occupations.

The area has a subdued rolling topography with
the higher elevations being underlain by more resis-
tant rocks. Willis and Woods mountains are promi-
nent monadnocks standing above a rolling
peneplain. Elevations range from 1128 feet (344 m)
at the top of Willis Mountain to approximately 285
feet (87 m) in Fork Swamp. Both areas are in the
Willis Mountain quadrangle. Principal drainages are
the Willis, Little Willis, Appomattox and Slate
rivers. These rivers along with their tributaries
form a well-developeddendritic drainage pattern.

STRATIGRAPHY

The bulk of the rocks in the Willis Mountain and
Andersonville quadrangles are mostly metasedi-
mentary and metavolcanic rocks of Lower Paleozoic
age (Plate 1). These rocks lie in northeast-trending
fold belts. The strike direction of the penetrative
foliation is also to the northeast; it dips southeast.

Sedimentary rocks of Mesozoic age are located in
the southeastern part of Willis Mountain quadran-
gle where they occupy part of the Farmville basin,
which extends beyond the quadrangle. These
arkosic sediments were derived from metamorphic
rocks lying northwest of the large normal fault
which forms the northwest boundary of the basin.
Diabase dikes of late Triassic-early Jurassic age in-
trude older rocks in the area.

Cenozoic alluvial sediments blanket areas along
major streams. Older Cenozoic alluvial terrace
deposits which represent erosional remnants of once
more extensive deposits occur at higher elevations.

Modal analyses of a number of thin sections of the
rocks of the area are shown in Table 1. These data
represent typical mineral contents and textures of
these rock.

Table 1. Modal analyses of Lower Paleozoic rocks in
the Willis Mountain and Andersonville quadrangles.

Stratigraphic Units and Rock Percent
Chopawamsic Formation

Candler Lower Upper Plagioclase Arvonia
Mineral Formation unit unit granite Formation

VIRGINIA DIVISION OF MINERAL RESOURCES

Quartz 20-90

Muscovite 2&30
Biotite
Chlorite 6-21

Plagioclase
Feldspar

Potassium
Feldspar

Hornblende
Garnet
Epidote
Paragonite* 10-12

Kyanite

5-25 10-50 20-40

0-15 0- 5 0- 5
10-15 10-17 0- 3
0-20 0- 5

42-85
1S30

6-20

1$45

s15

2-8

:_
0-30

2-t5 1S40
(An,j (Anru)

0-18
0-50
0-2
t15

0-t2
0-45
0.5
0-5

No. of rock
samples

*Based on X-ray diffraction analyses.

PnncaivrenrAN oR'LowER PALEozoIc RocKS

Candler Formation

The oldest rocks exposed in the area belong to the
Candler Formation. Brown (1951) named this unit
the Candler phyllite and schist and later changed
the name to the Candler Formation (Brown, 1953).

The unit underlies the northwestern area of the
Andersonville ?.5-minute quadrangle. The Candler
consists predominantly of muscovite-paragonite-
chlorite phyllites with interbedded quartz-biotite
metagraywackes and quartzites; these lithologies
are more common in the upper part of the unit.

In hand specimen the phyllite is dark gray to light
green, fine grained and highly fissile. It typically
contains a double cleavage. Primary bedding, defin-
ed by a light-medium-gray to reddish-orange band-

ing, occurs at a slight angle to the foliation. Quartz
interlayers are common and are generally about U16
inch (0.25 cm) thick. Vein quartz occurs as thin (one-

inch) stringers and lenticular pods. The Candler
typically weathers rapidly to a reddish-gray to
medium-gray, impermeable saprolite which forms a
slick, viscous mud when wet. Excellent exposures of
this formation occur along State Road 746 near the
Slate River. The contact between the upper Candler
and the basal part of the Chopawamsic is placed

where recognizable, conformable volcanic in-

terlayers predominate over the pelitic rocks of the
Candler Formation.
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Chopawamsie Formation

The Chopawamsic Formation was named for ex-
posures along Chopawamsic Creek in northern
Virginia by Southwick, Reed and Mixon (19?1). It
was extended into north-central Virginia by Higgins
and others (1973), Pavlides and others (19?4) and
Conley and Johnson (19?5).It was recognized in cen-
tral Virginia by Conley (19?8), Conley and Marr
(1979, 1980), and Marr (1980A and 19808).

The Chopawamsic Formation in the present study
area consists of two units. The lower unit consists of
interlayered chlorite schists, biotite metagray-
wackes and metabasalts with thin interlayers of
mica phyllites and quartzite. In hand specimen the
schists are typically light grayish green to olive
green, fine- to medium-grained, moderately foliated
and break with a hackley fracture. The unit is
moderately resistant to weathering and typically
underlies areas of rolling topography. It generally
weathers to a slightly acid, impermeable reddish-
orange saprolite.

The contact between the lower and upper units of
the Chopawamsic Formation is gradational. The up-
per unit is composed of a sequence of felsic and
mafic metavolcanic rocks. There is also a change in
the calcium content of plagioclase feldspar across
this contact. Plagioclase feldspars from the lower
unit have anorthite contents of 0-1b percent
whereas those from the upper unit range from 1b to
40 percent. The upper unit consists of biotite gneiss,
amphibole gneiss, felsic (rhyodacitic) volcanic rocks,
talc-tremolite schists and ferruginous quartzites.

In hand specimen the biotite gneiss is a light-gray,
medium- to fine-grained, moderately foliated, band-
ed rock composed of biotite layers and quartz-
feldspar layers; some biotite layers contain am-
phibole. The biotite gneiss occurs as interlayers
within amphibole gneiss ranging from one to hun-
dreds of feet thick. The amphibole gneiss is
greenish-black to black, medium- to coarse-grained,
lineated, well-banded rock composed of one of two
amphibole pairs, tremolite-cummingtonite or horn-
blende-cummingtonite, and quartz, calcic oligoclase
(Anru), biotite, epidote, and garnet. Light-greenish-
gray, quartz-epidote lenses are common. The felsic
rocks are light-gray to white, equigranular and are
composed of quartz and feldspar with minor
amounts of muscovite. The ferruginous quartzites,
which are unique to the Chopawamsic Formation,
are in both the lower and upper units, and are
associated with gossans (weathered sulfide zones).
The fenuginous quartzites are dark-reddish-gray,
fine- to medium-grained, banded, moderately persis-
tent lenses composed of magnetite, specular

hematite and quartz. Talc-tremolite bodies in the
Chopawamsie range in composition from talc-
tremolite schists to actinolite-chlorite schist.

Weathering products of the upper unit of the
Chopawamsic depend upon lithology. Deep, loamy,
porous saprolite overlies biotite gneiss, and thin,
ocherous, impermeable saprolite overlies amphibole
gneiss. The ferruginous quartzites are resistant to
weathering and tend to underlie linear ridges. An
excellent exposure of the amphibole gneiss is
located % mile (1.2 km) north of the intersection of
State roads 609 and 633, where State Road 633
crosses the Willis River.

The Chopawamsic Formation is considered to be
Early Cambrian in age based on discordant
radiometric zircon dates (Higgins and others, 1971)
and an age of 530 to 570 million years reported by
Glover (d974l,.

Plagioclase Granite and Pegmatite

In the southwestern part of the Andersonville ?.5-
minute quadrangle the Chopawamsic Formation is
intruded by a plagioclase granite. This rock is a
light-gray to white, medium- to coarse-grained,
moderately foliated rock consisting of qtartz,
plagioclase feldspar (oligoclase, Anru), museovite and
biotite with potassium feldspar (microcline). The
plagioclase granite does not intrude the overlying
Arvonia Formation rocks. Good saprolite exposures
of this unit occur along State Road 612 approximate-
ly 0.5 mile (0.8 km)south of its intersection with the
Appomattox River.

Granitic pegmatites also intrude the Chopawam-
sic rocks. They occur throughout the upper unit and
are particularly abundant along the northwestern
edge of the fault bordering the Farmville basin
(Willis Mountain 7.5-minute quadrangle). The
pegmatites are composed primarily of quartz,
potassium feldspar and muscovite with minor
amounts of plagioclase feldspar.

Arvonia Formation

The Arvonia Formation was named by Watson
and Powell (1911) for exposures in the slate quarries
at Arvonia, Virginia in the Arvonia ?.b-minute
quadrangle to the northeast of the study area. As
recognized within the Andersonville and Willis
Mountain quadrangles the formation consists of a
basal locally discontinuous, quartz-miea schist with
interlayered micaceous quartzite and quartz-mica
conglomerate. This interbedded interval is overlain
by a moderately persistent, banded quartzite which
in turn is overlain by a thick interval of por-
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phyroblastic, garnet-mica-graphite schist. The Ar-
vonia Formation also includes the kyanite-mica
quartzites and schists located on Willis and Woods
mountains. These kyanite quartzites and schists are
eorrelated with the basal units of the Arvonia
(Conley and Marr, 1980).

In hand specimen the conglomeratic quartz-mica
schist is a light-gray to gray, medium-grained,
moderately foliated, moderately lineated schist
which contains muscovite, quartz and minor
amounts of biotite. Bluish qtartz pebbles are in the
conglomerate. The schist weathers to a light-
yellowish-gray, sandy, micaceous saprolite. The
quartzite is a light-yellowish-gray, fine- to medium-
grained, banded or eross-bedded rock composed
predominantly of quartz and muscovite. It weathers
to a pale-orange, sandy, micaceous saprolite. The
overlying porphyroblastic garnet-mica schist is light
gray to dark grayish green, medium- to coarse-
grained, crinkle-folded and well-foliated. It is com-
posed of quartz, graphite, muscovite, biotite and
garnet. The porphyroblastic schist is moderately
resistant to weathering and underlies long, linear
ridges. Upon weathering it forms a light-orange to
light-red, impermeable thin saprolite littered with
mica schist chips.

Excellent exposures of the porphyroblastic schist
are in several northwest-trending drainages west of
State Road 612, approximatgly 1 mile (1.6 km)
southwest of its intersection with State Road 636.

Kyanite constitutes as much as 30 percent of the
rock in some places. It occurs as stringers and lenses
within quartzite beds at Willis and Woods moun-
tains and as disseminated blades in the quartz-mica
conglomerate of the basal Arvonia Formation.
Sillimanite as fibrous prismatic crystals, also occurs
in this conglomerate. At Willis and Woods moun-
tiins the kyanite quartzite contains primary
sedimentary structures. These include: repeated
pairs of wedge-shaped quartzite and metapelite in-
terlayers, "jelly-bean" conglomerates, fining-
upward sequences, channel-fillings and both large-
and small-scale cross-beds (Conley and Marr, 1980).

MEsozorc

Triassic System

Sedimentary rocks of Triassic age are in the
Farmville basin, a basin with a total area of approx-
imately 50 square miles (300 sq. km); nineteen
square miles (49 sq. km) of the basin occupies the
southeastern part of the Willis Mountain 7.5 -minute
quadrangle. The average strike of rocks within this
basin is approximately N25oE; dips range between

20o and 35o to the northwest. Two major deposi-
tional regimes are represented by sedimentary
rocks in the basin. A gravity flow regime, in which
metamorphic rocks northwest of the basin were
eroded and transported to the southeast, is
represented by rocks along the western margin of
the basin. These sediments formed a fanglomerate
sequence in which the average grain size decreases
progressively to the southeast. These rocks are red-
dish brown to medium gray, and massive to thick-
bedded. Metamorphic clasts range from pebble- to
boulder-size and are in a reddish-brown, fine-
grained, arkosic matrix. To the southeast running
water played a more important role in the deposi-
tional proeess and the beds contain heavy-mineral-
accentuated cross-beds and coarse pebbles in chan-

nel fill deposits.
Farther southeast, are beds formed under fluvial-

lacustrine conditions. This facies, which is poorly ex-
posed, is divided into a basal arkosic conglomerate
and an overlying sequence of siltstone, shale and
mudstone.

Diabase dikes intruded the area of the Farmville
basin during late Triassic to early Jurassic time.
The dikes trend approximately north 12o west. In
hand specimen the diabase is dark gray to black,
fine- to medium-grained and has an ophitic texture.
Minerals present include plagioclase feldspar
(labradorite-A&r), augite, antigorite, olivine and
magnetite. The dikes weather to a dark-red, clay-
rich saprolite which contains spheroidally
weathered boulders in many places.

CpNozotc

Colluvial Deposits

Several of the steeper slopes are blanketed with
gravity-transported colluvial deposits' These con-

sist of unsorted, angular, pebble- to boulder-sized
rock fragments in an unsorted sand, silt and clay
matrix.

Alluvium and Terrace DePosits

Floodplains of major streams are covered by
alluvial deposits. These consist of poorly sorted
rounded pebbles and cobbles in a crudely-stratified
sand and silt matrix. Remnant fluvial terrace
deposits persist on some areas of relatively high
elevations.

STRUCTURE

The rocks in the area record four distinct periods
of folding, one of which preeeded the deposition of
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the rocks of the Arvonia Formation. Major struc-
tural features formed by these events include the
Whispering Creek anticline, numerous synclinal in-
folds of Arvonia Formation rocks, the southern part
of the Long Island syncline, several small-scale
shear zones associated with tightly folded rocks, and
the Farmville basin. The basin was formed by nor-
mal faulting after the folding events.

Folos

Isoclinal, intrafolial, F,, folds can be observed on
the limbs of larger, Fr, folds. The plunge of F, folds
intersects the F, lineation (which is defined by the
long axes of some minerals) at angles ranging from
17o to 43o. Fl folds were observed only within the
rocks of the Chopawamsie Formation. Pavlides
(1973) described a similar relationship between folds
in the rocks of the Chopawamsic Formation and
those of the Quantico Formation in northern
Virginia.

F, folds include tight, isoclinal synclines and
broader, more open anticlines; the folds generally
have a strike to the northeast and are overturned to
the northwest. The penetrative foliation or
schistosity in rocks of the area developed during
this F, fold event. The foliation is seen in all
Paleozoic roeks in the area and is best developed in
the rocks of the Arvonia Formation, which occupies
the cores of the tight synclinal F, folds.

Fr folds are more open and upright than F, folds.
They are readily recognized where the pervasive F,
foliation is warped around noses of Fu structures. F,
folds generally trend northeast and constitute the
largest folds in the study area, including the
Whispering Creek anticline.

Fn folds are broad, open northwest-trending struc-
tures in which the pervasive F, foliation and the ax-
ial planes of F, folds are gently warped. This Fn fold
event did not impose an observable foliation on the
rocks.

Whispering Creek Anticline

Espenshade and Potter (1960) interpreted the
Whispering Creek anticline in Willis Mountain
quadrangle as a large open anticline in which the
western limb folded back into a tight syncline. The
eastern limb was interpreted as having a homoclinal

dip to the southeast. Brown t1969) described the
structure as a large, asymmetrie anticline with the
northwestern limb appreciably steeper than the
southeastern one. The Whispering Creek anticline is
actually a broad, asymmetric anticline flanked on
either side by two tight isoclinal synclines. These
synclines are cored by rocks of the basal Arvonia
Formation.

Infolds of Arvonia Formation Rock

The Arvonia Formation occupies the cores of
several elongate synclinal bands in the area, three of
which form conspicuous struetural features. The
most eastern syncline is on strike with what was
previously called the east limb of the Arvonia
syncline (Brown, 1969). The central syncline is on
strike with the western limb of the Arvonia syncline
as mapped by Ern (1968) and Brown (1969) and the
most westerly syncline is on strike with the Long
Island syncline as mapped by Smith, Milici and
Greenburg (1964), Ern (1968) and Brown (1969). The
eastern and western most synclines are discon-
tinuous due to changes in the plunge of these folds.
Other synclinal infolds of Arvonia Formation rocks
occur at Willis and Woods mountains and southeast
of Willis Mountain.

Minor Shear Zones

There are several narrow and discontinuous shear
zones developed in roeks of the Arvonia Formation
along the flanks of some of the major synclinal folds.
These zones are interpreted to be genetically
related to the tight folding of the Arvonia rocks. If
this is correct, the zones do not represent large
displacements, however, because the area underlain
by the Arvonia rocks coincides with a distinctive
regional aeromagnetic anomaly, it is possible that it
corresponds to a zone of crust4l weakness.

Feulrs
The Farmville basin is bounded on its western

side by a high-angle normal fault that strikes north-
northeast and dips to the southeast. The fault zone
contains fine-grained siliceous mylonite and exten-
sively'brecciated and silica-cemented cataelastic
rocks. These features are found at the fault zone and
extend westward into the Paleozoic metamorphic
rocks.
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ABSTRACT

Aeromagnetic, aeroradiometric and gravity data
have been useful in aiding the local correlation of
the many lithologies within the Andersonville and
Willis Mountain quadrangles. Regionally, the
geophysical data correlate with the lithologic and
structural trends. Major trends are recognizable on
small-scale regional aeromagnetic and aeroradio-
metric contour maps. The contour patterns in-
dicated by the geophysical maps are those expected
for an area of complex lithology and structure.

The lithologies in the Chopawamsic Formation,
such as metamorphosed volcanic rocks of felsic and
intermediate compositions (lower member), and
biotite and amphibole gneisses, and interlayed
mafic, intermediate, and felsic volcanic rocks (upper
member), are recognizable on the geophysical maps
of the area. The porphyroblastic garnet-mica schist,
metasiltstone, and metaclaystone units that make
up the upper part of the Arvonia Formation display
a different geophysical pattern than that of the

lower part of the formation, which is composed of
quartz-mica schist containing interlayers of
micaceous quartzite and quartz-mica conglomerate.
Several aeroradiometric highs over the Farmville
basin are attributed to two possible origins -
deposition of sediments derived from rocks bearing
radioactive elements or precipitation and eoncentra-
tion of such elements in these sediments by ground-
water.

The Spotsylvania lineament (Pavlides, 1980) is
recognized mainly as aeromagnetic and
aeroradiometric anomalies that lie along a zone
separating two rock units of unlike compositions.
Northwest of this lineament, the rocks are chiefly
amphibole gneiss (Ta River metamorphic suite of
Pavlides, 1980); southeast of it, they are
predominantly biotite gneiss (Po River metamor-
phic suite of Pavlides, 1980). Magnetic and
radiometric contour patterns are different for these
two areas. The lineament-trend appears to be slight-
ly off-set near the northern part of the Farmville
basin. The lineament is not readilv discernible on

' Portions of this report may be quoted if credit is given to the Virginia Division of Mineral Resources. It is recommended that reference to
this report be made in the following form: Johnson, S. S., 1981, Regional geophysics, rz Geologic investigations in the Willis Mountain and
Andersonville quadrangles, Virginia: Virginia Division of Mineral Resources Publication 29, p.9-16.
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large-scale aeromagnetic and aeroradiometric maps
because of the scatter of magnetic and radioactivity
values on such maps.

INTRODUCTION

The geophysical surveys presented in this study
consist of physical measurements of local variations
in the earth's naturally occurring magnetic,
radiometric, and gravity fields. Variations in such
parameters are determined by the composition and
structure of the rock on and below the surface.
Because rocks vary widely in such parameters as
density, magnetism, and radioactive element con-
centrations, the physical fields generally differ from
area to area in accordance with variations in rock
type. The changes detected from area to area may
correlate with geologic boundaries. The ease of
recognition of the change depends on the degree of
contrast of the physical properties of the rocks be-
ing investigated, and the data obtained from a par-
ticular geophysical method will be influenced by the
degree to which a specific property varies among
rock units. In general, a combination of geophysical
methods or techniques allows for a better in-
trepretation of the survey results than the data
received from a single technique because the range
of possible interpretations is thereby reduced.
Naturally, the technique or techniques utilized to
locate eertain types of rocks and minerals will de-
pend upon the nature of the rock and its contrast
with the enclosing rock. Radioactivity surveys
generally yield information about the upper three
feet of the surfaee, whereas data received from
magnetic and gravity surveys measure rock proper-
ties that can reflect geological and/or geophysical
features at depth.

The geomagnetic field of the earth is a complex
and complicated field, especially at the earth's sur-
face where the internal field interacts with the ex-
ternal and interplanetary magnetic fields. The
earth's internal geomagnetic field is caused by some
mechanism in the core of the earth, possibly a type
of dynamolike action. This internal magnetic field
can be thought of as a dipole field (similar to a bar
magnet) in its simplest terms, but in reality it is
much more complicated.

The earth is in a steady, but variable, inter-
planetary magnetic field (produced primarily by the
sun) that distorts the ideal dipole lines of force of the
earth's internal magnetic field. In addition, flare ac-
tivity on the sun causes magnetic storms that in-
crease and distort the interplanetary field for time
periods up to several days. After these periods of

flare activity, the distorted magnetic field settles
back to its previous state. Generally, magnetic
surveys are not carried out during these periods. In
addition, the sun interacts with the ionosphere to
cause a complex external magnetic field. This field
undergoes diurnal changes which are dependent on
local time. Magnetic surveys are corrected for these
daily ehanges in the magnetic field. The normal in-
ternal magnetic field of the earth, like the external
field, varies in intensity and direction. These
ehanges take place over relatively long time periods
and are therefore secular variations.

Superimposed on the geomagnetic field are minor
irregularities caused by inhomogeneities in the
outer layer of the earth. These irregularities in the
earth's crust cause anomalies in the magnetic field,
and are expressions of local magnetic fields induced
by the general field in certain types of rocks.
Magnetic surveys are mainly concerned with these
irregular fields; that is, the difference between the
measured field and the mathematically derived
planetary field.

The magnetic properties of the rocks causing the
local variations depend on their mineral content and
geologic history of their formation. All rocks in the
earth's crust contain some magnetic minerals. The
content of these minerals in rocks can range from a
very small fraction of a percent to several tens of
percent. The magnetic minerals of any importance
are few in number and those most commonly found
are oxides of iron and titanium. The most important
magnetic minerals are magnetite, pyrrhotite, and il-
menite. Almost all magnetic anomalies result from
an uneven distribution of these three minerals. As a

general rule, dark, mafic igneous and metamorphic
rocks possess higher magnetic susceptibility than
light, felsic igneous and metamorphic rocks. Most
sedimentary rocks have a low magnetic susceptibili-
ty.

Natural radioactivity in rocks is produced largely
by uranium and thorium, and a radioactive isotope
of potassium. The most abundant rock-forming
minerals that contain radioactive isotopes are
potassium-bearing feldspars and micas, minerals
generally abundant in granitic and pegmatitic rocks.
Thus relatively high levels of radioactivity are nor-
mally found over these rock types. As a general
rule, potassium, uranium and thorium content
decreases in igneous rocks as they become less felsic
in composition. Mafic rocks, such as basalt, normally
lack potassium-bearing minerals and exhibit low
radioactivity. Radioactivity surveys assist geologic
mapping by delineating rock units having
charaeteristic radiometric properties and aid in
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detecting radioaetive mineral deposits and mineral
deposits known to be associated with radioactive
minerals.

Metamorphic rocks may display the same degree
of radioactivity as the sedimentary, igneous, or
other metamorphic rock from which they were
derived, except where radionuclides have been in-
troduced, dispersed, or removed during metamor-
phism.

Gravity surveys are dependent on rock density.
Variations in thb density of rocks and geological
structures near the surface cause very slight
changes in the regional gravity field. Regional gravi-
ty surveys provide basic data pertaining to the
nature, composition, and structure of the earth's
crust. Such data may be an aid in the search for
mineral deposits, but normally such exploration re-
quires many more gravity measurements than are
used in a regional survey.

The variations in the earth's gravity field are
caused by the latitude of the area, elevation, local
terrain and earth tides, in addition to rock density
and geologic structure. Gravity surveys are tedious,
time-consuming, generally ground-based operations
that are performed at accurately known elevations.
Most modern gravity meters have a sensitivity of
0.01 milligal, which means that the instrument can
detect a change in latitude of 40 feet (12 m) and a
change in elevation of two inches (b cm).

PREVIOUS INVESTIGATIONS

An aeromagnetic survey of the Andersonville and
Willis Mountain 7.5-minute quadrangles was made
as part of a survey of a larger area by the Virginia
Division of Minerals Resources (19?04', 1gT0B). The
area was also included in regional and state-wide
gravity surveys (Johnson lg7l;Lg77l and in a state-
wide aeromagnetic survey (Zietz and others, Lg77A
and 19778). The regional gravity and aeromagnetic
surveys were done to provide data for future detail-
ed geologic mapping and mineral exploration, and to
aid in the interpretation of regional geology.

Other regional geophysical studies whieh include
the Andersonville and Willis Mountain quadrangles
are: an aeromagnetic survey by Zietz and others
(1968); an aeromagnetic and aeroradioactivity
survey funded by the Regional Coastal plains Com-
mission, (U.S. Geological Survey open-file reports
1978A, 19788); and magnetie and radioactivity
surveys earried out by the U.S. Department of
Energy (1980).

Several private exploration companies have also
performed airborne and ground geophysical surveys

throughout the "gold-pyrite belt" that includes the
Willis Mountain and Andersonville T.Sminute
quadrangles. These data have not been made
available to the public.

PRESENT INVESTIGATION
ANDPROCEDURES

Gravity and radiometric data in addition to those
gathered in previous surveys were required for the
present study. The detailed regional gravity survey
of the area was completed in January, 1979, and the
detailed aeroradioactivity survey was flown by LKB
Resources, Inc. under contract to the Division of
Mineral Resources in the Winter of 1978. The
gamma-ray spectrometer aboard the aireraft
measured the total-count radioactivity as well as the
individual responses of bismuth-214 (uranium),
thallium-208 (thorium) and potassium-40 (potassium).
In addition to the aeroradioactivity total-eount con-
tour maps, data included "stacked" flight-line pro
files. These profiles, which are available for study at
the Division of Mineral Resources, show adjusted
total-count data, adjusted thorium, uranium, and
potassium data, the ratio of Bi/K, BilTl, and Tl/K,
radar altimetry, and "raw" total-field aeromagnetic
data along identical flight lines. Aeromagnetic
surveys performed during earlier work was con-
sidered sufficient for the present study. Contour
maps for these surveys are in Plate 1.

AnnouecxETrc SuRvEy

The 1970 regional aeromagnetic survey was per-
formed by Lockwood, Kessler and Bartlett, Inc.
under contract to the Virginia Division of Mineral
Resources. The magnetometer used for the survey
was a "saturable core" flux gate Air Mag III (Gulf
Research and Development Company). The magnet-
ometer (stinger assembly) and aneillary equipment
was installed in a modified twin-engine Aero Com-
mander 680E. The magnetometer had a "noise
envelope" of less than two gammas and was compen-
sated for the effects of permanent and induced
magnetism produced by the aircraft. A ground
monitor was utilized to collect data on diurnal
changes and magnetic storms for adjusting and cor-
recting final results.

A 35mm continuous strip camera was used to
record the flight path of the aircraft. The aircraft.te
ground distance was continuously recorded by a
Honeywell radar altimeter. In addition to the radar
altimeter, a differential pressure altimeter was also
used to continuously record the barometric altitude.
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The survey was flown in an east-west direction at
a flight altitude of 500 feet (152 m) above ground.
The flight lines were spaced at 0.5 mile (0.8 km). Suf-
ficient control lines were flown to adequately cover
the survey area. The survey was flown with an
analog acquisition system.

The flight path of the aircraft was determined by
using the 35mm tracking camera film and matching
the film images to features on U.S. Geological
Survey topographic maps. Fiducials on the film
were correlated with all analog records. The data
were manually reduced, corrected, and contoured.
The regional gradient of the magnetic field was
removed during the compilation process.

AsnonaoroAcrrvrrY Sunvnv

The 1978 aeroradioactivity survey flown by LKB
Resources, Inc. under contract to the Division of
Mineral Resources utilized a GAD 5, four-channel,
gamma-ray spectrum analyzer installed in a

modified twin-engine Aero Commander 680E. The
airborne detector package used in this survey con-
sisted of a thermally packaged Bicron/Scintrex sen-
sor containing a crystal volume of 500 cubic inches.
The crystals were thallium-activated sodium iodide;
these were coupled to selected photomultiplier
tubes.

A 35mm continuous strip camera was used to
record the flight path (east-west) of the aircraft. The
distance from aircraft to ground was continuously
recorded by a Honeywell radar altimeter. In addi-
tion to the radar altimeter, a Rosemont 804 differen-
tial pressure altimeter was used to continuously
record the barometric altitude.

A geoMetrics Model G-803 airborne proton
magnetometer was also utilized aboard the aircraft.
The detector was housed in a tail "stinger"
assembly. The observed total field data from this in-
strument was displayed on a 7100 B dual channel,
Hewlett-Packard strip chart recorder.

The survey was flown in an east-west direction at
a flight altitude of 500 feet (152 m) above ground.
The flight lines were spaced at 0.5 mile (0.8 km). Suf-
ficient control lines were flown to cover the survey
area. The survey was flown with sirnultaneously
operating analog and digital acquisition systems.

Cosmic and aircraft radioactivity (background)
were monitored by twice-a-day measurements
(before and after production flights) at an altitude of
5000 feet (1,524 m)above the ground. Check flights
were made over a test line each day. A second test
line was flown over water at the start of production

flying and at the end of the survey to further
establish the atmospheric and aircraft backgrounds.

The window settings for the spectrometer were
established in accordance with the manufacturer's
recommendations. The integrating time constant
was 1.0 second. The live time for the digital data was
0.95 seconds, and counts read into the system during
the live time were averaged automatically. This
average was then output to the digital magnetic
tape at each 1.0 second interval. The values reeord-
ed on the digital magnetic tape lag behind the
ground position by 115 to 148 feet (35 to 45 m). No
compensations were made in the compilation for this
lag in positioning.

The flight path was recovered (accurately located)
using the 35mm tracking camera film and matching
its images on 1:24,000-scale, U.S. Geological Survey
topographic maps. Fiducial numbers on the film
were correlated with all analog and digital records
by means of automatically placed fiducial marks.
UTM coordinates for all plotted points were read
from the maps and then input to a computer for
analysis, evaluation and plotting.

The airborne radiometric background levels were
tabulated and listed for each line flown. Additional
checks were made on those lines flown over water at
the survey altitude and these control data were com-
pared to the daily test lines. At the completion of
this evaluation, a set of background levels were in-
put to the computer for correcting and leveling the
radiometric data. The data were further corrected
for Compton scattering effects by employing scatter
coefficients which were determined by calibrations
at the Geological Survey of Canada Test Pads in Ot-
tawa, Canada. All data were normalized to 500 feet
(152 m) employing the theoretical values for the at-
mospheric attenuation coefficients for thorium,
uranium, and potassium. At the completion of the
leveling process, the radiometric data were input to
a computer contouring-program. Total-count con-

tour maps were prepared. The associated uranium,
potassium, or thorium highs were labeled on the con-
tour maps as determined from a computer printer
listing. The contour maps were reviewed and re-
vised manually as required.

GnevIrY SunvPY

Field observations in the Andersonville and Willis
Mountain quadrangles were made utilizing a

LaCoste and Romberg Model G geodetic gravity
meter (number 77). This meter has a range of over
7000 milligals and a reading accuracy of + 0.01

milligal. All observations were made utilizing a
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modified ladder-sequence loop technique. Each loop
started and ended the same day from the establish-
ed base station. Field observations were made on
U.S. Geological Survey and U.S. Coast and Geodetic
Survey bench marks that had been established by
first- through third-order leveling. Observations
were also made at sites for which useful. checked
spot, and bridge elevations had been determined by
the U.S. Geological Survey. A valid observation con-
sisted of the average field value that was obtained
from two consecutive readings; these observations
had a maximum spread no greater than 0.01 milligal.
Previously occupied stations in a loop were general-
ly reoccupied every three hours during the survey.
Stations were plotted on 7.5-minute series
topographic maps. Established horizontal control
was used for station coordinates where available;
for all other stations, latitude and longitude were
scaled from the topographic maps. No terrain cor-
rections were made.

The Charlottesville base station (1?4-D-1) located
at the Natural Resources Building, Virginia Division
of Mineral Resources, was used for the survey
(Johnson and Ziegler, 197 21.

The computation and reduction of field data was
done on a CDC 6400 and on a Burroughs bb00 com-
puter at the Division of Academic Computing,
University of Virginia, Charlottesville, utilizing a
modified GRAVAS program. The GRAVAS pro
gram is designed to reduce and correct field
observations obtained with LaCoste and Romberg
gravity meters and includes corrections for solar
and lunar tides and instrument drift. A density of
2.67 gmlcc was used for computing the Bouguer
values. The simple Bouguer contour map was initial-
ly drawn by computer and then manually reviewed
and smoothed as needed.

RELATIONSHIPS OF GEOPHYSICAL DATA
TO STRATIGRAPHIC UNITS

Aeromagnetic, aeroradiometric and gravity data
correlate rather well with the regional lithologic and
structural trends of the rocks in the Andersonville
and Willis Mountain quadrangles as mapped by
Marr (Plate 1). Major trends of the rock units are
recognizable on small-scale, regional geophysical
contour maps. The contour patterns indicated by the
various geophysical contour maps of the study area
are those that would be expected when considering
the complexities between lithologies and structure.
Isolated magnetic highs and areally high magnetic
values are over the intermediate to mafic litholo-
gies; low magnetic values are over the more felsic
units. The aeroradiometric data is indicative of com-

plex geologic structure and heterogeneous units. In
general the radiometric highs occur over lithologies
with abundant potassium micas and potassium
feldspars and radiometric lows are over those
lithologies low in these minerals.

PnnceunnrAN oR Lownn PALEozorc Rocrs

Candler Formation

Rocks of the Candler Formation underlie the
northwestern part of the Andersonville quadrangle,
and although they occupy only a small area, these
rocks display the northeast-trending aeromagnetic
pattern generally found over the formation in een-
tral Virginia (Plate 1). In the study area, the
magnetic field over the Candler decreases to the
southeast. Profiles over the Candler indicate a steep
magnetic gradient from the northwest to the
southeast. A closed low (less than 3700 gammas)
shows that the lowest magnetic values are at and
just northwest of its contact with the lower member
of the Chopawamsic Formation. The low probably
reflects the change in composition from the quartz-
mica phyllite and schist of the Candler to the in-
termediate metavolcanic and metagraywacke rocks
of the lower Chopawamsic, rather than a ehange in
geologic structure.

Aeroradiometric values over the Candler Forma-
tion do not generally exceed 325 counts per second.
The radiometric contour map contains several
north-trending patterns over the Candler; these
trends may reflect fracture patterns. The possibility
of 'fractures is discussed in the section on the Ar-
vonia Formation.

Chopawamsic Formation

The Chopawamsic Formation as mapped by Marr
(19808) in the Andersonville quadrangle is divided
into a lower and an upper member. The geophysical
patterns developed over these two members are
quite different owing to differences in their composi-
tions. The lower member, consisting predominantly
of metamorphosed volcanic rocks of felsic and in-
termediate composition, displays the normal
northeast-trending pattern observed on regional
aeromagnetic contour maps of central Virginia.
Magnetic values are generally higher for the lower
than for the upper member. Steep magnetie gra-
dients are over the lower member at its eontact with
the Candler Formation and at its contact with the
Arvonia Formation (Plate 1). Aeroradiometric con-
tours over the lower member do not show a strong
northeast trend, but values are generally lower (less
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than 250 cps) than those of the Candler and Arvonia
formations.

The lack of strong regional trends in the magnetic
and radiometric data over the upper part of the
Chopawamsic Formation is apparently due to its
heterogeneous composition. The unit consists of in-
terlayers of several mafic, intermediate and felsic
lithologies in biotite gneiss and amphibole gneiss.
The aeromagnetic, aeroradiometric and _ gravity
values are also influenced by the complex fold
systems developed in most of the area. A typical ex-
ample of the geophysical response to these faetors is
observed in the southeaslern part of the Anderson-
ville quadrangle. In this area, a generally broad
magnetic low is over the core of a large northwest-
trending fold. This fold core is mainly biotite gneiss
interlayered with amphibole gneiss of the upper
part of the Chopawamsic. Over this same area, a
general low- to intermediate-valued radiometric
field occurs. The gravity field contains generally low
values that do not vary by more than one milligal
over the area of the fold core. It is also apparent
from the three geophysical eontour maps in Plate 1

that there is a large north-northwest-trending
feature in the southern part of the Andersonville
quadrangle. The anomaly corresponds to an area of
folded biotite gneiss which yields low magnetic, in-
termediate radiometric and low gravity values in
comparison to those of the surrounding area. The
magnetic pattern in the biotite gneiss displays
similar characteristics in the northeast and south-
west quadrants of the Willis Mountain quadrangle
(note the 3900 gamma, northeast-trending features
defined by linear contours, and the 3900 gamma,
north-trending feature in the northeast quadrant;
and the 3800-3900 gamma, northwest- and north-
trending features in the southwest quadrant). All of
these areas are underlain mainly by biotite gneiss.

The area in the west-central part of the Willis
Mountain quadrangle and the east-central part of
the Andersonville quadrangle has generally high
magnetie, low radiometric, and high gravity values
corresponding to an area of amphibole gneiss lying
in a northeast-trending fold. Amphibole gneiss is a
more mafic roek than the biotite gneiss, the rock at
the core of the fold mentioned earlier, and the
changes on the contour maps reflect the differences.

Arvonia Formation

A high magnetic field lies over porphyroblastic
garnet-mica schist, metasiltstone and metaclaystone
forming the uppermost part of the Arvonia Forma-
tion in the Andersonville quadrangle. A lower-
valued magnetic field is observed over the quartz-

mica schist eontaining interlayers of micaceous
quartzite and quartz-mica conglomerate forming the
lowest of the three units of the formation. The
radiometric values are high over all units of the for-
mation. The northeast-trending feature that is in-
dicated by relative highs on both the magnetic and
radiometric contour maps in the central part of the
Andersonville quadrangle lies over the Arvonia For-
mation.

The trend of the maximum magnetie high on the
Arvonia Formation is to the northwest in the
southwestern part of the Andersonville quadrangle.
Analysis of stacked-profiles indicates that a

magnetic high correlates directly with a radiometric
low on an anticlinal axis in the Arvonia Formation.
These data indicate that the Arvonia is thin in this
anticlinal axis and that the relatively high magnetic
and low radiometric values on the axis are due to
the underlying Chopawamsie Formation being
relatively near the surface along it. The magnetic
high over the Arvonia, as seen in the stacked pro-
files, lies progressively farther west as it is traced
to the northeast along the Arvonia Formation. The
trace of this magnetic high probably reflects the
position of the anticlinal axis along this distance; the
trend is not evident on the magnetic contour map.

The northeast trend of the Arvonia Formation as

shown by contour patterns on the radiometric con-

tour map is interrupted in the area around Ander-
sonville where the contours are oriented north. This
north trend may reflect weathering and leaching
due to groundwater flow in a northwest-trending
fracture system. Many diabase dikes in the area are
oriented northwest and this observation lends sup-
port to a hypothesis of the presence of a northwest-
trending fracture system. This fracture system, if
present, could have promoted groundwater leaching
of radioactive elements in the area, thus produeing a

radiometric field of relatively low values. The
regional magnetic pattern is not interrupted in this
area.

Several of the higher isolated radiometric
anomalies in the Willis Mountain quadrangle are
over the Arvonia Formation. The anomaly in the
northwestern part of the quadrangle (values greater
than 3?5 eps), the anomaly at the southern end of
Willis Mountain (values greater than 425 cps), and
the one trending northeast (values greater than 350
cps) to the southeast are all related to the Arvonia
Formation. These areas, which have a low-valued
magnetic field over them, are areas underlain by
quartz-mica schist with interlayers of micaceous
quartzite and quartz-mic4 conglomerate. This is the
relationship noted between magnetic and
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radiometrie values over the Arvonia rocks in the
Andersonville quadrangle.

Mnsozorc Rocxs

The sedimentary rocks of Triassic age in the
Willis Mountain quadrangle define a part of the
Farmville basin. These rocks generally display a
random magnetic pattern except where they are in-
truded by diabase dikes, which produce northwest
trends in keeping with the orientation of these ig-
neous bodies. There are several aeroradiometric
highs over the basin. Most of these anomalies occur
just southeast of the border fault. These anomalies
may be due to one of two possible origins-radio
active elements were in the rocks forming the
sediments or the elements were precipitated and
concentrated in the sediments by groundwater. The
anomalies are mainly due to the presence of
potassium with thorium andlor uranium occurring to
a lesser degree. The anomalies parallel the distribu-
tion of the fanglomerates and siltstones lying
southwest of the Triassic border fault. These rocks
are derived from areas to the northwest ,of the
border fault which contain granite pegmatites lying
within the Chopawamsic Formation. In addition,
most of the anomalies are along and parallel to ma-
jor streams.

Other isolated radiometric highs occur in the
basin. Some of these appear to have a relationship
with intrusive diabase and some occur over terrace
and alluvial deposits, but many of the anomalies in
the basin, especially those along the border fault,
might be explained by a hypothesis suggested by
Dribus (1978). The possibility exists that fault zones
and intrusive bodies in the Triassic rocks might
have impeded the flow of groundwater through the
rocks long enough to produce local mineralization.
Because uranium is soluble in oxygenated waters
and can be mobilized and transported in these
waters, the coarse-grained, porous rocks or
sediments in the basin could have allowed ground-
water and surface water flowing from the west
(through the Chopawamsic Formation and granite
pegmatites)to enter them. Local groundwater could
also contribute to the deposition model. The ground-
water could have reacted with reductants in the
sediments, such as hydrogen sulfide emitted from
diabase intrusives (Drez, 1977, p. 134) and from the
breakdown of pyrite in the sediments. These reduc-
tants could have aided precipitation and concentra-
tion of uranium because of the reducing environ-
ment ereated by them. The source of the uranium
would have been from rocks in the vicinity of the

basin. This hypothesis is made plausible by the work
of Brown and Silver (t956, p. 92-93). They have in-
dicated that uranium and thorium do not fit very
well into the lattices of any of the common major
minerals that make up granites, but do fit the lat-
tices of some of the accessory minerals such as zir-
con, sphene, apatite and allanite. The uranium and
thorium are generally localized in minerals compris-
ing only a small fraction of the weight of the entire
rock. In their analyses of granites from several
localities. Brown and Silver found that in leachates
derived from pulverized granites, as much as 38 per-
cent of the dissolved material is radioactive. The
trace elements extracted in these leachates were
uranium, thorium, cerium, lanthanium, neodyminum
and yttrium. It is not known whether uranium or
thorium occur in any concentrated amounts in the
area.

Magnetic values over the diabase dikes appear to
be related to size, location (in relation with other
high magnetic rocks) and orientation of the dike.
The northwest-trending magnetic highs on the
aeromagnetic contour maps of the Farmville basin
are due to diabase dikes. The influence of large
regional dikes on magnetic contour patterns can
readily be seen in the Willis Mountain quadrangle
where high magnetic values define a north-trending
linear feature in the center of the map. The
northwest-trending features in the Chopawamsic
Formation in the southern and southeastern parts of
the Andersonville quadrangle are also due to
diabase (Plate 1).

The diabase dikes normally have a low-value
radiometric field over them. Stacked profiles, and,
generally, contour maps show this relationship
between magnetic and radiometric data and rock
type.

RELATIONSHIP OF GEOPHYSICAL DATA TO
THE SPOTSYLVANIA LINEAMENT

The Spotsylvania lineament (Pavlides, 1980),
earlier known informally as "Neuschel's lineament,"
is a regional feature extending into the study area.
It was postulated to be a fault by Neuschel (1970)

and was tentatively called the Fredericksburg fault
zone by Higgins and others (1973). The lineament is
recognized mainly as an aeromagnetic and aero
radiometric anomaly, and it lies along a zone
separating two rock types of unlike compositions.
Northwest of this lineament, the rocks are chiefly
amphibole gneiss (Ta River metamorphic suite of
Pavlides, 1980); southeast of it, predominantly
biotite gneiss (Po River metamorphic suite of
Pavlides, 1980). Over the amphibole gneiss,
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northeast-trending magnetic highs and low-valued,
irregular radiometric anomalies lie parallel to the
strike of the rocks. The biotite gneiss of the Po
River metamorphic suite is indicated on the
geophysical maps by magnetic values lower than
and radiometric values higher than those in the Ta
River metamorphic suite. The general trend of the
magnetic contours over the Po River metamorphic
suite is more northwesterly than the trend of con-
tours over the Ta River metamorphic suite. The jux-
taposition of these unlike aeromagnetic and
aeroradioactivity values and trends define the linea-
ment. The lineament trend appears to be slightly
offset near the northern part of the Farmville basin;
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ABSTRACT

The Andersonville, Virginia sulfide district,
discovered in the mid-1,950's, was the subject of two
intensive exploration programs. The first was car-
ried out in the late 1950's by Virginia Mining Cor-
poration of Montreal, Quebec. The second was per-
formed in the late 1960's by Dominion Explorers,
Limited of Toronto, Ontario. An airborne geG
physical survey was completed in 1g68. Six sulfide
bodies of significant size were discovered and
evaluated through modern exploration techniques.
Two sulfide bodies, Zones 18 and 24, contain signifi-
cant amounts of zinc and copper along with minor
amounts of silver. Gold occurs in trace amounts on-
ly. Zone 18 is estimated to have reserves of 294,000
tons with an average of 4.68 percent zinc and 0.60
percent copper. Zone 24 is estimated to contain
550,000 tons with an overall grade of 4.8? percent

zinc and 0.98 percent copper. The Zone 18 sulfide
body appears to have been localized in a shear zone,
whereas the Zone 24 sulfide mass is stratabound.
Some workers postulate a volcanogenic origin for all
of the sulfide deposits.

INTRODUCTION

This report is a summary of some results of two
exploration programs, one by the Virginia Mining
Corporation (VIMCO) of Montreal, Quebec, and the
other by Dominion Explorers, Limited (DOMEX) of
Toronto, Ontario, carried out in the area of the
Willis Mountain and Andersonville ?.5-minute
quadrangles during the period 1956-1971. Both pro
grams involved exploration for base-metal sulfides.
Representatives of Virginia Mining Corporation
were responsible for discovery of the district and
carried out a drilling program of significant propor-

I Portions oI this report may be quoted if credit is given to the Virginia Division of Mineral Resources. It is recommended that reference to
this report be made in the following form: Young, R.S., 1981, Sulfide zones, iz Geologic investigations in the Willis Mountain and Ander-
sonville quadrangles, Virginia: Virginia Division of Mineral Resources Publication 29, p.l7-47.

' North American Exploration, Inc. Charlottesville, Va.
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tions from 1956 to 1958. Data from the VIMCO proj-
ect were supplied by John D. Hagan of the VIMCO
staff. In the period 1968-1971, DOMEIi sponsored an
exploration program under the direction of staff
geologists of North American Exploration, Incor-
porated of Charlottesville, Virginia. The project
geologist was Donald J. Hathaway, who was
assisted by Ralph D. Mulholland, D. Allen Penick,
and William E. Scherffius. None of the persons
listed above has been involved in exploration in the
area since 19?1, though exploration has continued.

Four sizeable sulfide bodies have been recog-
nized; the areas containing these bodies are
designated in this report as Zones 3, 9, 18 and 24.
Several additional areas showing conductivity
anomalies were identified (Plate 2). The numbers do
not refleet a ranking of the deposits. Data given for
the sulfide deposits include: size, orientation, and
base-metal and mineral content of each body as well
as the results of geophysical surveys and detailed
mapping at each site. Graphic data on the bodies and
sites are presented in Plates 2-6. The appendix to
this report contains descriptive logs and assays for
many drill holes. Those drill holes designated by let-
ters and numbers (for example, DM-20)were part of
the Dominion Explorers, Limited, program. Those
drill holes identified by numbers only (for example,
18-12) were sponsored by the Virginia Mining Cor-
poration. The DOMEX drill cores were logged by
various staff geologists of North American Explora-
tion, Incorporated; the VIMCO cores were logged by
John D. Hagan. In the assay data, the values for the
base metals (zinc, copper, lead) are weight percents,
and the values for the precious metals (gold and
silver) are in troy ounces per ton. Analyses were
made by personnel of Union Assay Office, Incor-
porated (Denver, Colorado.)

The sulfides are associated with ferruginous
quartzites of the Cambrian Chopawamsic Formation
(Plate 1), which consists chiefly of biotite and am-
phibole gneiss with interbedded volcanic rocks.
Rocks in drill cores that accompany the sulfides in-
clude quartz-hornblende and quartz-chlorite gneiss
and schist. The occurrences of some of the sulfide
bodies, at least, are related to the polyphase folds of
the area.

HISTORY OF SULFIDE EXPLORATIONS

Exploration for and development of metal depos-
its in the Andersonville area dates to the early
1800's for gold, but only to 1956 for base metals. Six
of the eight gold mines and prospects in the area
were reported by Luttrell (1966); two others were
reported by Sweet (1980). Only one of the mines, the
Morrow mine, is reported to have contained sulfide

mineralization. The quartz veins carried pyrite, pyr-
rhotite and chalcopyrite as well as gold.

Although there is no recorded history of explora-
tion for base metals prior to the mid-1950's, there
are shallow pits of considerable antiquity in the
gossan of Zone 24 (Claude Morris property). Virginia
Mining Corporation explored the Andersonville and
Willis Mountain quadrangle areas during the period
1956-1958. Earlier, VIMCO personnel used airborne
geophysical surveys to explore parts of the area
between New Canton and Dillwyn but used a ground
search for gossans in most of the area explored.
VIMCO drilled at least four gossan areas, and put in
a strong exploration effort on Zones 18 and 24.

Dominion Explorers, Limited sponsor€d explora-
tion for base-metal sulfides during the period 1968-

1971, beginning with an airborne geophysical
survey in November of 1968. Although a number of
geophysical anomalies and gossan occurrences were
explored, the majority of drilling footage was ex-

pended on Zones 18 and 24. All work sponsored by
DOMEX was carried out by the staff of North
American Exploration, Incorporated.

EXPLORATION PROCEDURES

In 1968, DOMEX sponsored an airborne geo
physical survey of 821 line miles. Plates 2 through 6

show the results of this survey for the Willis Moun-
tain and Andersonville 7.5-minute quadrangles. The
survey flight line spacing was one-eighth mile (0.2

km) and the ideal terrain clearance was 150-200 feet
(46-61 m). A single-engine, slow-speed, high-
performance aircraft, a DeHaviland "Otter," was us-

ed. The geophysical equipment employed consisted
of: (1) a Rio-Tintotype electromagnetic unit, which
was used to measure the in-phase and out-of-phase
components of the secondary electromagnetic field
at a frequency of 320 hettz; (2) a Barringer nuclear
precession magnetometer; and (3) a Sharpe Model
SC-1 threshold-type spectrometer.

After a target such as an airborne electro
magnetic anomaly or gossan occurrence was
selected, a map grid was established to provide loca-

tion control for plotting the results from geologic
mapping and from soil geochemistry and geo-

physical surveying. All grid-formed rectangles were
mapped geologically at a scale of l" :100'. In most
areas, "B"-horizon soil samples were collected on all
grid lines at 100-foot intervals. Soil samples were
routinely analyzed by atomic absorption spec-

trophotometry for copper, zinc, lead, nickel, and
cobalt; some samples were analyzed for silver and
cadmium. All grid areas were surveyed with
magnetometer, self-potential and very low frequen-
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ey electromagnetic units. Many areas that displayed
positive geophysical and geochemical response were
core drilled. Four prospects, Zones 3,9,18, 24,have
significant or potentially significant sulfide occur-
rences. A discussion of these zones is presented
below. The prospect number in no way constitutes a
ranking.

DESCRIPTIONS OF ZONES

ZomS

This prospect (Plates 2 and 3) was apparently
discovered by VIMCO personnel in 1956 as the
result of a search for gossans. It is represented by a
sulfide body which is at least 1200 feet (366 m) long
and at least 15 feet (5 m) thick. The mass extends an
unknown distance beyond its mapped limits, and its
maximum depth is likewise unknown, As currently
known, the low copper and zinc values in the sulfide
mass do not make it an attractive exploration
target. On the bases of gossan distribution and self-
potential anomaly, VIMCO completed five core holes
totaling 1,541.5 feet (4?0 m) in the zone. The loca-
tions of the VIMCO holes (26-01 through 26-05) are
shown on Plate 3. Semi-massive to massive sulfide
zones (ones in which the rock is largely or totally
made up of sulfides) principally composed of pyrite
and pyrrhotite were intersected in all five holes.
Copper and zinc values were very low. The 1968 air-
borne electromagnetic survey showed the sulfide
zone to be a twoline anomaly of the class 2A type
(strong conductivity with direct magnetic confirma-
tion). A survey grid was established for the total ex-
tent of the anomaly. Geologic mapping disclosed a
principal gossan trend about 1400 feet (427 m) long,
and additional small, scattered gossans. The folia-
tion attitudes of the rocks in Zone 3 irrdicate a com-
plex structural pattern, possibly that of an antiform.
The pattern of copper- and zinc-in-soil values closely
reflects the gossan distribution. The relatively high
level of copper concentrations with regard to zinc
concentrations indicate that chalcopyrite
predominates over sphalerite in the sulfide zones.
There are high zinc values in the southeastern part
of the area of Zone 3. The self-potential data clearly
defines a polarization anomaly which is almost
perfectly coincident with the main gossan zone. The
very low frequency electromagnetic data delineates
several areas of moderate conductivity, in which the
highest values correspond to well-defined self-
potential and metal-in-soil anomalies. An arcuate
trend of the sulfide zone is apparent from each of the
surveys. The pattern of magnetie variations sug-
gests that the mineralized zone would be richer in

magnetite than the enclosing rocks, an observation
that enhanees exploration interest in one sulfide
body that is a relatively weak conductor. Five core
holes, totaling 1,460.5 feet (445.3 m), were drilled by
DOMEX in Zone 3. The locations of the holes are
shown on Plate 3, and the logs and assays for three
of the holes are in the appendix. The rock section
established by holes DR-l and DR-Z is shown on
Plate 3. The sulfide zone, which dips approximately
35o NW, was intersected in DR-1, DR-z and DR-3.
The only sulfides encountered in the other two
holes, DR-4, DR-5, were traces of pyrrhotite and
chalcopyrite. Between holes DR-l and DR-2, the
strike of the sulfide zone appears to lie at a high
angle to the general strike of the deposit. In DR-l,
the two sulfide zones are in a hornblende-quartz-
chlorite gneiss containing disseminated pyrite. In
DR-2, the 6.4-foot-thick (2.0 m) sulfide zone is in a
quartz-chlorite-garnet schist with disseminated
pyrite. The sulfide zones are rather variable in
mineral content over relatively short distances. In
DR-l, for example, the upper sulfide zone (core
depth 257.L'-260.21 is predominantly pyrite and pyr-
rhotite and contains ehalcopyrite. The lower zone of
massive sulfides e82.5'-298.21 is mostly pyrrhotite
and chalcopyrite, with some pyrite and magnetite.
This sulfide zone is characterized by large, frac-
tured pyrite cubes. In DR-3, there is a semi-massive
sulfide zone which contains residual schist or gneiss.
Pyrite predominates, and there are scattered
specks and stringers of chalcopyrite, sphalerite and
magnetite.

Zonn 9

This prospect (Plates 2 and 4) was discovered and
drilled by VIMCO in 1956. Electromagnetic surveys,
coupled with drilling data, indicate a sulfide body at
least 4,000 f.eet (1,220 m) long and having a true
thickness of at least 9 feet Q.7 ml. The mass extends
an unknown distance beyond its mapped limits, and
its maximum depth is likewise unknown. Base-metal
values are low. Six core holes were eompleted; four
intersected sulfide zones. The drill hole locations
were apparently selected on the pattern of gossan
float and a linear self-potential anomaly. The loca-
tions of the VIMCO drill holes could not be accurate-
ly established in later exploration, and no specific
data on thee core holes are included in the present
report. In general, the VIMCO drilling showed that
copper and zinc concentrations were too low to be
economie. The apparent thickness of the sulfide zone
as established by drilling was nine feet. The sulfide
was described as "90 percent pyrrhotite and pyrite,
about 2 percent chalcopyrite."
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On the map produced from the 1968 DOMEX air-
borne electromagnetic survey,Zone 9 was depicted
as a seven-line anomaly; the highest conductivity
recorded is at the northern end of the anomaly
(Plate 4). Geologic mapping located three relatively
small areas of gossan concentration. The very low
frequency electromagnetic survey conducted by
DOMEX in 1969 confirmed the minimum length of
the conducting zone as earlier mapped (4, 000 feet)
(1,220 m), and the relatively high conductivity at the
northern end of the zone. The self-potential values
were so strongly influenced by an underground
cable on the extreme northern end of the area that
the sulfide zone shows only as deflections in three
contour lines. The geochemical survey showed that
copper- and zinc-bearing minerals make up part of
the sulfide zone, although total concentrations of
these metals were relatively low.

Three DOMEX core holes were completed in Zone
9; the total footage was 891 feet (272 ml. The host
rock for the sulfide zone in all three holes is quarlz-
biotite gneiss; the rock is variably pyritiferous and
garnet-bearing. The sulfide zone, as identified in
holes DD-1 and DD-2, iras a true thickness of about 9
feet (2.7 m) and dips approximately 70o SE. The
mineralized zone is composed almost entirely of iron
sulfides, predominantly pyrrhotite, with scattered
chalcopyrite grains. There was no visible sphalerite
in the core.

ZoNn 18

The sulfide body, which has a minimum length of
1,000 feet (305 m) and a true thickness up to 50 feet
(15 m), is the largest known to exist in the area. It
was discovered by chance when a VIMCO engineer
observed a gossan outcrop in a road cut. It was this
discovery which led to exploration in Zone 18.
VIMCO's drilling program in Zone 18 extended
through 1956 and 1957; drill hole length reached a
total of 11,283 feet (3,440 m). Upon conclusion of the
drilling program, VIMCO management reported
reserves of.442,800 tons of ore averaging 6.01 per-
cent zinc and 0.77 percent copper. The ore was
estimated to contain 60 percent pyrite.

The Zone 18 sulfide body, which was known prior
to itre 1968 DOMEX airborne electromagnetic
survey, could not be recognized from the air by the
Rio Tintctype electromagnetic system during the
present study. There is no ready explanation for the
lack of airborne response using this system. The
zone is strongly conductive when measured from
ground level.

The very low frequency electromagnetic ground
survey revealed a moderate to strong zone of con-

ductivity extending the length of the grid area, and
a second, weaker zone lying at the east side of the
area. Areas of high conductivity are accompanied by
high magnetic readings. The self-potential survey
indicates the possibility of two, overlapping sulfide
bodies which outcrop in the areas between 0-4E and
24E.-328 (Plate 5). This interpretation is distinctly
reinforced by the pattern of copper-in-soil values.
The zinc soil geochemistry suggests that sphalerite
may have a wider distribution than chalcopyrite in
the zone.

Under the DOMEX program, 34 holes were drill-
ed in the area; total drill hole length was 13,066.0
feet (3,983.5 m). The net result of the DOMEX drill-
ing program was to increase the estimated reserves
to 794,000 tons. The average grades for the larger
body were estimated to be 4.68 percent zinc and 0.60
percent copper; both values are lower than the
earlier values determined by VIMCO's work.

Six generalized drill hole sections (Plate 5)are in-
cluded with this report to illustrate the basic
characteristics of the sulfide body. The form of the
sulfide mass is that of an elongate lens; the top is
truncated by erosion. The body pinches out updip,
downdip and down plunge. The maximum thickness
encountered was approximately 50 feet (15 m). The
sulfide zone strikes about N 55o E and dips 50o-55o

NW. In those areas where the sulfides approach
semi-massive to massive concentrations, pyrite is
the predominate mineral; sphalerite or pyrrhotite
and chalcopyrite are next in abundance. The ore
body is fine- to medium-grained and generally
equigranular, but large pyrite cubes are not uncom-
mon. There are relatively thin zones of high copper
concentration and in these, almost without excep-
tion, the chalcopyrite is accompanied only by pyr-
rhotite.

The mineralization is in what is interpreted as a
major shear zone. The host rock is a brecciated
chlorite schist and quartz-chlorite schist. Small- and
large-scale folds are common. In some places,
silicification was a component of the mineralizing
process.

Zoun24

Information on this deposit is shown in Plates 2,

6A and 68. The extensive gossan cap overlying the
Zone\A sulfide body was discovered by VIMCO per-
sonnel early in 1956. The gossan is more than 1,600
feet (489 m) long and is up to 800 feet Q44 m) wide.
During the period September-November 1956, VIM-
CO staff drilled 18 core holes into the zone; the total
length of the drill holes was 5,049.0 feet (1,539.3 m).
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On the basis of this work, a tonnage reserve of
368,000 tons, averaging 5.05 percent zinc and 0.65
percent copper, was estimated by VIMCO person-
nel.

The 1968 airborne EM survey, sponsored by
DOMEX, showed Zone24 as a 1B-type anomaly, i.e.,
one in which strong conductivity is without direct
magnetic correlation (Plate 2). Geological mapping
disclosed an unusually large area (1,800 feet by 900
feet (549 mby 274 m) of gossan float. Bedrock folia-
tions in the area of the gossan dips mostly 20o-30o to
the northwest. Soil geochemical data, especially in
the case of copper, indicates an anomaly area
somewhat larger than the area of gossan float. The
very low frequency electromagnetic survey does
show a discrete zone of eonductivity along the north
edge of the gossan area, but conductivity is relative-
ly low in that area. Although the self-potential
survey shows anomalous values, the pattern was so
strongly influenced by the polarization effect of an
underground cable along the south side of the grid
that a definitive interpretation is not.possible.
Magnetic variations in and around the gossan area
were also nondefinitive. The horizontal-loop elec-
tromagnetic survey, run at a 200-foot (61 m) coil
separation, provided the most useful geophysical in-
formation. A conductin g zone some 2,000 feet (610 m)
long and up to 700 feet (213 m) wide, dipping gently
to the north-northwest, was indicated by the results.

Upon completion of all surface mapping and
surveying, 32 drill holes totaling 11,184.0 feet
(3,409.8 m) were completed in Zone 24 under
DOMEX sponsorship. On the basis of data acquired
through the DOMEX drilling program, the reserves
at Zone 24 are projected to be 550,500 tons with an
average grade of.4.87 percent zinc and 0.98 percent
copper. Most of these reserves could be recovered
through open-pit mining.

Four generalized drill hole sections are included
with this report, and logs and assays for the holes
are in the appendix. In the mineralized zones, the
ore is medium grained and pyrite generally

predominates, but pyrrhotite predominates where
concentrations of chalcopyrite are high. Hornblende
gneiss or schist is the dominant lithology among the
host rocks. As best shown on Section 7.50E, there
are three semi-parallel sulfide bodies which dip
about 20o NW. The upper body is referred to as the
"ore zone," because it alone consistently showed
significant zine and copper values. The middle and
lower bodies, which are very high in pyrite, contain
local, high-grade concentrations of sphalerite as is
true in hole DM-25 on Section 10.88 E. Local, high-
grade ore concentrations also occur in the upper
zone, such as in hole DM-9 (Section 4.15 E) where 2.9
feet (0.9 m) of core (106.5'-109.4') assayed 18.47 per-
cent copper, 8.2 percent zinc and 7.2 oz. silver per
ton.

SUMMARY

Despite the fact that the two principal sulfide
zones in the area, Zones 18 and 24, are only a few
miles apart, their physical characteristics are quite
different. Zone 18 consists of two plunging, ap-
parently en echelon lenses, lying in a large shear
(breccia) zone. The principal srr.lfide is pyrite,
through which is disseminated sphalerite and minor
amounts of chalcopyrite.Zone 24 eonsists of several
sulfide zones lying one above the other in a fairly
constant "stratigraphy" throughout the drilled area.
There are strong indications that the sulfide bodies
in Zone 24 arc near the crestal portion of a partially
eroded anticline. The principal sulfides are pyrite
and pyrrhotite with sphalerite and chalcopyrite.

Both sphalerite and chalcopyrite occur locally as
high-grade zones. The ores from both Zone L8 and
Zone24 show evidences of remobilization.

Tonnage and grade estimates are as follows:
Zone 18:794,000 tons: 4.680/oZn, 0.600/oCu
Zone 242 555.500 tons: 4.87oloZ n. 0.980/oCu

Three other sulfide occurrences (Zones 3, 5 and 9)

are near Zone2L.
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APPENDIX
DRILL CORE LOGS ANDASSAYSI

ZONE 3
DRILL HOLE LOG FORDR-I

ELEVATION: 482'

Soil and saprolite; no core recovery.
Quartz-hornblende gneiss; core weathered and iron-stained at g8'.
Quartz-chlorite schist.
Hornblende-quartz schist/gneiss.
Quartz-chlorite schist.
Quartz-hornblende gneiss; garnetiferous; banded appearance; minor fault 124'.
Hornblende-quartz gneiss; garnet-bearing.
Quartz-chlorite schist; high in biotite 147.5'-166'.
Quartz-hornblende gneiss; high in biotite and chlorite; garnet-bearing; drag and microfolding in foliationl7l,-l7g'.
Hornblende-quart-z gneiss; high in chlorite 184'-lg2'; very high in biotite 217'-222';seattered garnet zones; 0.5'vein quartz at base.
Quartz-chlorite schist; high in biotite24T'-254';disseminated pyrite and trace chalcopyrite; garnetiferous.
Hornblende-quartz gneiss; disseminated pyrite and trace chalcopyrite,
Pyrite and pyrrhotite, variable amounts of chalcopyrite; no visible sphalerite; magnetite mixed with sulfides 254.5'-263'.
Hornllendequartz gneiss; disseminated pyrite throughout; trace chalcopyrite 260.21263',279'-281';0.3' massive sulfides 271'.
Pyrrhotite with subordinate pyrite and variable amounts of chalcopyrite; no visible sphalerite; magnetite present.
Hornblende-quartz gneiss; sphalerite specks at 299.5'.
Quartz-chlorite schist; disseminated pyrite 30?'-312'; 1'vein quartz 811,.
Quartz-hornblende gneiss; minor fault 323'with pyrite; quartz veins 328', 330'; section high in chlorite 306'-326'.

TOTAL DEPTH:331'

INTERVAL

LOCATION:

0-15',:

15r40',:
40.76',:
75'-82':
82'-97':
97'-126'z
126'-t46',2
146',-165',.
165',-184',:

184|242\
242|2551
255'-257.1',2
257.r',.260.2':
260.2'-282.5',:
282.5'-2F.8.2',:

298.2'-307'.
3071319',:
319',-331',:

Zone 3;21.0E,5.15N. BEARING & INCLINA?ION: S 50oE.45o

DR.l ASSAYS:
Ag
0.1
0.1

None
None
*T"

None
0.8
0.9
1.0
0.4
0.4
0.4

Au

Tr
Tr

None
Tr

*T"

No.

1

2
3

l4
LA

6
.I

8
I

10

rrr
112
L13

t4
l5
16

Cu

251.'',-253.5',
253.5'-255.s',
285.5'-287.r',
257.L',-260.2'
260.2'-263.5',
263.5'-268.5'
268.5'-273.5'
273.i',-278.6'
278.6'-280.8',
280.8'-282.5'
282.5'-287.6'
287.5'-292.5'
292.5',-297.8',
297.5',-298.z',
298.z',.300.2'
300.2'-302.2'

T-r
Tr
Tr
Tr
Tr
Tr

None

0.018
0.056
0.075
2.671
0.340
None
0.100
0.0r8
0.050
0.176
0.617
0.541
0.680
0.352
0.08r
0.025

None
None
None
None
None
None
None
None
None
None
None

0.3
Tr

None
None
None

Braces denote assay interval depicted in drill hole sections in Plates 3-6 in back pocket.
Dash indicates no analvsis made.



PUBLICATION 29

DRILL HOLE LOG FOR DR-2

ELEVATION: 482' BEARING & INCLINATION: S 5008. 600

23

LOCATION: Zone 3: 21.0E. 5.15N.

DR.2 ASSAYS:

Overburden, soil and saprolite; no core recovery.
Quartz-hornblende gneiss; weathered and saprolitic.
No core recovery.
Quartz-hornblende gneiss.
Quartz-chlorite gneiss, saprolitic in places to 6?'.
Quartz-hornblende-chloritie-biotite-garnet schist.
Quartz-chlorite-muscovite schist; limonite stained fractures; garnet-bearing,
Quartz-hornblende gneiss.
Quartz-chlorite schist, garnetiferous.
Chlorite-quartz schist, garnetiferous.
Quartz-chlorite-biotite schist, garnetiferous.
Quartz-hornblende gneiss, scattered garnets.
Chlorite-biotite schist, garnetiferous.
Quartz-chlorite gneiss, garnetiferous.
Hornblendequartz gneiss, garnetiferous.
Quartz vein.
Quartz-chlorite gneiss; high in biotite in places; garnet-bearing.
Hornblende-quartz gneiss; foliation contorted in places, garnetiferous.
Quartz-chlorite gneiss, garnetiferous.
Hornblende-quartz gneiss.
Quartz-chlorite gneiss, high in biotite.
Hornblende-quartz gneiss; garnet-bearing 245' -250'.
Quartz-chlorite gneiss, garnetiferous 255'-260'; disseminated pyrite at base.
Hornblende-quartz gneiss.
Quartz vein.
Quartz-chlorite gneiss, garnetiferous.
Quartz-feldspar vein.
Quartz-chlorite-garnet schist; unusually high garnet content.
Massive to semi-massive sulfides, pyrite and pyrrhotite with visible chalcopyrite and magnetite; large pyrite crystals throughout ore zone.
Quartz-chlorite gneiss with disseminated pyrite at top.
Hornblende-quartz gneiss with scattered garnets and pyrite grains.
Quartz-chlorite gneiss; scattered garnets and magnetite grains; considerable biotite.
Quartz-hornblende gneiss with disseminated pyritg and scattered garnets.
Quartz-chlorite-garnet gneiss; very high garnet concentration; traces of chalcopyrite; high biotite content 396'-401'.

TOTAL DEPTH:401'

No. INTERVAL
1 281.0',-283.1',

12 283.r'-289.5',
3 289.5',-291.5',

Au Ag Cu

Tr None 0,037
Tr None 0.510
Tr 0.1 0.081

Zn

N"*
Trace

0.2



24 VIRGINIA DIVISION OF MINERAL RESOURCES

LOCATION: Zone 3; 24.0E, 6.0N.

DRILL HOLE LOG FOR DR-3

ELEVATION: 476' BEARING & INCLINATION: S ?4o8, 45o

0-92': Overburden, soil and saprolite; no core recovery.
92rLll1 Quartz-hornblende gneiss; minor faults at 105'and 109'.
111r121,5': Chlorite-quartz schist; strongly garnetiferous; disseminated pyrite.
121.5'-146.5': Quartz-chlorite schist/gneiss; garnetiferous; some disseminated pyrite; fault at 140' with footwall foliation highly contorted.
145.5r148': Chlorite-quartz schist; garnet-bearing.
148'-150': Mostly pyrite with considerable magnetite; traces ofsphalerite and chalcopyrite.
1501152.5': Quartz-chlorite schist with pyrite disseminated on folia.
L52.5'-167': Mostly pyrite; scattered specks and stringers ofsphalerite and chalcopyrite; some magnetite.
157'-157.8': Quartz-garnet-sericite gneiss.
157.81176': Massive to sernimassive iron sulfide with visible magnetite and scattered specks of sphalerite and chalcopyrite; 161'-162' is high in chlorite and

large garnets.
176'-200': Hornblende-quartz gneiss; garnetiferous to 191'; 1801193'high in chlorite; 193'-19?'high in biotite; sphalerite specks at 198'.

200'-209'z Quartz-chloritegneiss.
209':224': Hornblende-quartz schist/gneiss; garnet-bearing; foliation contorted and parallel to core axis.

TOTAL DEPTH:224'

DR-3 ASSAYS:
No.

I
2
3

D

6

8

Au

T"
Tr
Tr
Tr
Tr
'lr
Tr
Tr

Ag
None
None

0.1
None
None

0.4
None
None

Cu

0.037
0.226
0.289
0.340
0.352
0.226
0.302
0.126

Zn

0J5
Tr

1.10
None
1.30
2.50
1.05
0.25

INTERVAL
l46J|148lr
148.0',-152.5',
152.5',-15?.5',
157.5',-162.5',
162.5',-167.5',
t67.5'-172.5'
r72.,',-r77.0'
t77.0'-I79.0'

LOCATION: Zone 9: 38.47N, 2.72E

ZONE 9
DRILL HOLE LOG FOR DD-1

ELEVATION: Not available

INTERVAL AU

BEARING & INCLINATION: N 60oW, 600

0-35': Soil and saprolite; no core recovery.
35170': Quartz-hornblende gneiss.
701196': Hornblende-quartz gneiss; variably garnetiferous; generally massive.

141': 1' vein quartz with pyrite
163'-196': pyritic
170'-196': brecciated
190'-196': high biotite content

L96'-205': Semimassive pyrrhotite and pyrite with scattered chalcopyrite; no visible sphalerite.
205'-319': Hornblende-quartz gneiss; brecciated2Os.216',221'-223',240'-267'i garnetiferous; min or tanlt26l'-262'ipytitic250'-266'.
319'-331': Quartz-hornblende gneiss; lightly fractured 324132?'; garnetiferous.
331'-404", Hornblende-quartz gneiss; garnet-bearingzones; veinquartz382'-383'.

TOTAL DEPTH:404'

DDl ASSAYS:
No.

I
(t
t3

r92',-r94' Tr
194',-199.5', Tr
r99.5',-205', Tr
205',-207', Tr

Ag Pb

0.6 None
0,3 None
0.5 None
0.6 None

Cu

0.050
0.189
0.157
0.012

Zn

N"*
None

Tr
Tr



0-30': Soil and saprolite; no eore recovery.
80f260': Ilornblendequartz gneiss; garnetiferous 128'-195',220'-266',279'An5'; garnets large and numerous 2201265'; high biotite concentrattldn 240'-260';

disseminated pyrite and pyrrhotite 176'-260'; traces ofehalcopyrite 225'-240',253'-259.5'; breceiated 194'-260'.
260''279': Predominantly pyrrhotite and pyrite; traces of chalcopyrite; nq visible sphalerite; brecciated 260'-26t!'.
tl9'316': Ilornblendequartz gneissi brecciatad2T9'-2Bil',?f,['-gl6,i lightly garnet-bearing; disseminated iron sulfides; 1'massive sulfides 284'with trace

chalcopyrite

TOTAL DEPTII:316'

DI}2ASSAYS:

PUBLICATION29

DRILL HOLE LOG TORDD-z

ELEVATION: Not available

25

BEARING & INCLINATION: N 60oW, 75oLOCATION: Zone 9; 38.4?N,2.?2E

LOCATION: Zone 18; 4.08, 2.40N

No. INTERVAL
| 252',-263'
2 265',-258'

r 3 288'-263'

I 4 26s'-268',

I 5 268',-278',
L 6 273'-279'

7 279'-284'.
8 284',-285',
I 285'-287'

Au

Tt
Tr
Tr
Tr
Tr
Tr

None
Tr

None

ZONE 18

DRILL HOLE LOG TOR DX-1

ELEVATION: 517'

2M.0',-249.0'. Tr
249.0'.-254.A', Tr
264.0'-269.0', Tr
259.0',-262.0', Tr
262.0',-267.0'. None

Pb Cu

N"* OOU
None 0.119
None 0,252
None 0.1?0
None 0.182
None 0.189
None 0.012
None 0.126
None 0.012

Ag
0.3

None
None
None
None
None
None
None
None

Zn

N*"
None
None

0.1
0.2
Tr

None
None
None

BEARING & INCLINATION: S 33oE.45o

$58': Overburden, soil and saprolite; no core recovery.
58'-244'z Chlorite schist and quartz ehlorite gneiss; red-brown garnets nearly throughout; disseminated pyrite common; sugary quartz with brown

garnets ?1?2'; milky white quartz with chlorite stringers 191.5'-196'; disseminated pyrite concentration inereases below 235'.
24412ffi.5':

260.5'-285',:
285',.380',:

DX-I ASSAYS:

Massive sulfide zones and stringers in a chloritequartz schist breccia; chlorite interstitial to small breecia blocks; pyrite is dominant sulfide
with sphalerite and traces of chalcopyrite.
Chloritequartz sehist breccia; strongly contorted or brecciated.
Chlorite schist and quartz-chlorite gneiss; scattered garnetiferous zones and disseminated pyrite; sparse calcite and sideritefilled fractures;
zones oflocal folding.

TOTAL DEPTH:380.0'

INTERVAL Au Zn

1^0

6.6
4.6
3.4

None

No.

1

(2
{3
L4

D

Zn

1.4
0.3
4.3
1.0
6.2

No.

I
2

[3(4
L5

Ag
None

0.1
None

0.1
None

Pb

N"""
None
None
None
Noqe

Cu

0.239
0.3?8
0.617
0.5?9
0.075

LOCA?ION: Zone 18; 4.0E,2.40N

DRILL HOLE LOG FORDX.2

ELEVATION: 517r BEARING & INCLINATION: S 33oE.600

0-51': Overburden, soil and saprolite; no core recovery.
6l'-249": Chlorite schist and quartz-chlorite gneiss in alternating sequence; red-brown garnets nearly throughout; loeal and common zones of

disseminated pyrite; brecciated quartz 151'-152.5'; concentration of disseminated pyrite increases below 235'.
2491261.6't Chloritequartz gnoiss/schist breccia; traces of pyrrhotite, sphalerite and ehalcopyrite with dominant disseminated pyrite.
261,5'-t14.0': Chlorite-quartz schist/gneiss breccia; dominantly pyrite with sphalerite and trace chalcopyrite as serni-massive zones and stringers.
274'291': Chlorite-quartz schist/gneiss; breceiated or intensely folded; sparse calcitefilled fractures.
N4r3l6'z Chlorite-quartz gneiss/schist; sparse garnets and disseminated pyrite.

TOTAL DEPTH:316.0'

INTERVAL Au

26r.0'-266.0', Tr
256.0',261.0', Tr
261.0',-266.0', Tr
266.0?69.8', Tr
269.8'-274.0', Tr

Ag Pb

None None
None None
0.1 None
0.1 None
0.4 None

Cu

0J26
0.163
0.441
0.050
0.s27

DX-2 ASSAYS:



26 VIRGINIA DIVISION OF MINERAL RESOURCES

DRILL HOLE LOG FORDX.E

ELEVATION: 5r7' BEARING & INCLINATION: S 3iloE, 81o

0-49': Overburden, soil and saprolite; no core recovefy.
4g\287.6': Chlorite schist and quartz-chiorite gneiss in alternating sequence; local zones of brecciation or folding; v&risbly Sarnet-bearing:; zones of

disseminated pyrite common; garnetJin quartz-chlorite gneisjnoticeably smaller; calcite blebs and fracture fillings 223''287.5'.

237.5r297'z Quartz-chlorite-gneiss; chloritJ locally altired to biotite and muscovite; calcite blebs common in to_p 
^10'; 

locally g-arnetiferous.

297.376': dilorite schist;-calcite blebs comm6n in top 20'; strongly pyritic, with some large crystals,310'-323'; local zones of drag folding common

below 332', sparsely garnet-bearing.

LOCATION: Zone 18; 4.0E,2.40N

TOTAL DEPTH:3?6'

LOCATION: Zone 18; 4.08, 1.0N

DRILL HOLELOG FORDX-4

ELEVATION: 511' BEABING & INCLINATION: S 37oE,45o

G28': Overburden, soil and saprolite; no core reeovery.
28'-86'z Veinquartz,limonitestainingonbrokensurfaces.
36152': Coreloss.
52,-160': Chlorite schistand quartz-ehlorite gneiss; zones ofdisseminated pyrite and garnets; minor breccia ?5€0'; considerable fracturingand local drag

folds; vein quartz 143''145'.
l50L!62,7'z Chlorite-quartz schist breccia; pyrite-sphalerite-ehalcopyrite in semimassive beds.
L62.7'-l9l': Chlorite schist; brecciated and folded in top 3'; local folding 1?4'-179'; disseminated pyrite below 180'.

TOTAL DEPTH: 191'

DX.4 ASSAYS:
No.

I
f2
i8
L4

INTERVAL
146,y-150"il
150.5',-155.0',
155.0',-l60.0',
160.0'-162.?',

Au

T"
0.005
Tr

0.010

Ag
0.1

None
0.2
0.2

Pb

N"*
None
None
None

Cu

0.308
0.516
0.636
0.270

Zt
o9
3.7
2.0
6.2

LOCATION: Zone 18: 6.84E, 2.69N

DRILL HOLE LOG TOR DX.5

ELEVATION: 490' BEARING & INCLINATION: S 83oE,45o

0-48': Overburden, soil and saprolite,
48159': Quartz-chlorite schist.
69168': Core loss.
OS,-gOO,r Interlayered quartz-chlorite sehist/gneiss and chlorite schist; scattered calcite veins and garnet zones; unusual absence ofpyrite to 210'.

3601380': Chlorite schist breccia with strong, loeal folding; disseminated pyrite.
3801397.5': Massive to near-massive pyrite, pyrrhotite, sphalerite, and chalcopyrite.
397.51410': Chlorite schist breccia with local folding.

TOTAL DEPTH:410'

DX.SASSAYS:
No.

1
2
3

(4
J5
l6
Lz

INTERVAL
36d€?f
37t|876'
376',-380',
380',-385',
385',-390',

890',-395',
395',-398.5',

Au

N"*
None
None
Tr

0.010
0.005
0.005

Ag
None
None
None
None

0.4
0.4
0.2

Pb

N*"
None
None
None
None
None
None

Cu Zn

0.081 1.0
0.182 0.7
0.472 0.8
0.529 5.9
0.686 7.2
1.290 1.0
1.113 4.9



PUBLICATION 29

DRILL HOLE LOG FORDX-6

ELEVATION: 490' BEARING & INCLINATION: S 3i1"8, 60"

27

0-39': Overburden, soil and saprolite.
391160': Quartz-chlorite gneies/gchist; minor chlorite schist zones; scattered disseminated pyrite zones; variably garnet-bearing; minor calcite veine.
160€64': lnterlayered quartzchlorite gneiss/schist and chlorite schist; garnefbearing nearly throughout; disgeminated pyrite common; quartz veins

344' -345" 349', -3ffi 

" 

356.5',-361',.
8641871.5': Chlorite schist breccia; pyritic with traces of sphalerite and chalcopyrite.
3?1.5'-375.5': Quartz-chlorite schist.
375.5'-427't Semi-massive to massive ppite, pyrrhotite, sphalerite, and chalcopyrite; traces of calcite throughout.
427'-458': Chlorite schist with minorquartz-chlorite gneiss; minor garnet zonesand disseminsted pyrite; fault464 '457'.

TOTAL DEPTH:458'

DX.6 ASSAYS:

LOCATION: Zone 18; 6,84E, 2.69N

INTERVAL
s?5.y-SSry
380€85',
885€90',
390',-395',

396',-400',
400'-405',
405'-4t0'
4r0'-4L5'
415'-420',
420',-427',

ffi1',-972'
87z',-376.4'

Au

T"
Tr

0.010
0.020
0.020
0.016
Tr
Tr
Tr
Tr
Tr
Tr

Ag
0.2
0.3
0.8
0.4
0.8
0.5
0.3
0.2
0.8
0.4

None
None

Pb

N"*
None
None
None
None
None
None
None
None
None
None
None

cu zn

0.629 L.4
0.60? 5.E
r.189 2.6
1.771 2.L
0.268 5.1
1.0L2 7.8
0.126 5.0
0.144 7.5
0.369 8.9
0.611 6.4
0388 1.7
0.060 0.5

LOCATION: Zone 18; 6.84E, 2.69N

DRILL HOLE LOG TORDX.T

ELEVATION: 490' BEARING & INCLINATION: S 3808, ?5o

041': Overburden, soil and saprolite.
41'-101': Chlorite schist with minor beds of quartz-chlorite gneiss; quartz vein 41.5'-43' with pyrite in fractures; scattered calcite veins and garnet zones.
l0l'-297'z Quartz-chlorite gneiss with chlorite schist zones; abundant garnets; some ehlorite schist beds pyritic.
297'-382'z Chlorite schist and quartz-chlorite gneiss in alternatingbeds; mostchlorite schistbeds pyritic; garnets common; quartzveinsSlS€1?',3f16€40',

348€56" 378?82'.
382'410't Chlorite schist; microfolding common; brecciated 392 410', with pyrite; 0.3' massive pyrite at 404'.
410'412'z Semimassive pyrite and pyrrhotite with sphaleriteand galena.
412'467\. Chlorite schist; brecciated 415'-426' with microfolding; variably pyrite-bearing:; quartzveins 448'-449',450 450.5', 458'459.5'.

TOTAL DEPTH:467'

DX-7 ASSAYS:
No.

{1

INTERVAL Cu Zn

7.40409'-413',

LOCATION: Zone 18;6.84E, 1.45N

DRILL HOLE LOG FOR DX-8

ELEVATION: 486' BEARING & INCLINATION: S 8308.45o

M9': Overburden, soil and saprolite.
691190': Quartz-chlorite gneiss and chlorite schist in alternating sequence; scattered disseminated pyrite zones; minor brecciation in chlorite schist beds;

abundant garnets; fault zone 180'-182'with footwall brecciation and large calcite crystals.
!90'-228': Quartz-chlorite gneiss with subordinate chlorite schist beds; vein qnaftz207.2l2';pyritic and garnetiferous.
228"2851 Chlorite schist; brecciated, with numerous faults; pyritic; garnetiferow 275'-286';Eaces of pyrrhotite and ehalcopyrite 272'-285'.
285''292': Semimassive pyrite and pyrrhotite with sphalerite and chalcopyrite; thin chlorite schist beds at 286'and 290'.
292'-356'z Chlorite schist; sparsely pyritic; numerous minor faultsand veins; core highly faultedandjointed 832'-3tt8', veinquartzS2S€28'.

TOTAL DEPTH:386'

No. INTERVAL Au

{ 1 285'-290' Tr
2 290',298.3', Tr

Ag Pb Cu Zn

0.6 None L,492 6.4
0.7 None 0.886 0.6

No.

I'2
3
4
D

6
7
E

I
.10
1l
t2

DX-8 ASSAYS:



28 VIRGINIA DIVISION OF MINERAL RESOURCES

LOCATION: Zone 18; ?.80E, 2.00N

DRILL HOLE LOG FOR DX-g

ELEVATION: 4?3' BEAHNG & INCLINATION: S38oE.60o

G36': Overburden, soil and saprolite.
36€1': Quartz-chlorite gneiss; thin chlorite sc,hist interbeds; variably pyrite and garnet-bearing.
9lrl20': Milky quartz, with thin chlorite schist or gneiss beds; fault 104'-106'.
12013113': Quartz-chlorite gneiss and chlorite scNst in alternating sequence; milky quartz L27'-182',141'-142',195'-202.5',245'-246',300€05.5',308'-809',. 827.6''329.6'; faults 139'-140',186'-188'; variably pyritiferous and garnetiferous; microfoldingcommon.
333€51': Chlorite schist;brecciatedS4l€50'; disseminated pyrite, withtraees ofsphal6riteand chalcopyrite belowS4?'; fault335'-340',
851€54.5': Semi-massivepyrite,sphaleriteandchalcopyrite.
354.51898': Chlorite schist; massive sulfides 361'-862'endin thinlayers363'-36?'; brecciated36T'368',880'-882'; pyritiferous 354.5€68';faultsS?5€80'.
3931441': Chlorite schist and quartz-chlorite gneiss in alternating sequence; numerous calcite-filled fractures; fuult 400 401'; minor garnet zones.

TOTAL DEPTH:441'

DX-9 ASSAYS:
No. INTERVAL
1 g/]r-9,41r

I z a4g3sl'
L I 85r€55',
4 355',-360'

I s s6o'-a6s'
L 6 365',-867',

Au Ag
Tr 0.1

0.005 0.1
0.005 None
Tr None
Tr None

None None

INTERVAL Au Ag Pb

Pb Cu Zn

N"* 0312 10
None 0.926 1.5
None 0.258 4,8
None 0.f32 0.9
None 0.182 4.6
None 0.056 1.9

LOCATION: Zone 18; 7,808, 2.00N

DRILL HOLE LOG FOR DX.1O

ELEVATION: 473' BEARING & INCLINATION: S 3808, 45o

0-34': Overburden, soil and saprolite.
84'{,5'z Quartz-chloritegneiss;oxidized;garnetssparse.
651109'r Chlorite schist with thin gneiss zones; faults 85€4'; 99'-100'.
109'-178': Quartz*hlorite gneiss with chlorite schist interbeds; generally pyritic; abundant calcitefilled fractures; fault 160'-161'.
178€00': Quartzchlorite gneiss and chlorite schist in alternating sequence; abundant calcitefilled fractures; variably pyritic and garnet-bearing; faults

209', -2L0" 220' -221" 234' -286" 249' -250" 267' -258" 27 6' -27 8" 299' _800'.
3001827.5': Chlorite schist; brecciated below 314'; disseminated pyrite throughout; traces ofchalcopyrite and pyrrhotite below 315',
327.5'-381't Massive fyrite and sphalerite, traces of chalcopyrite.
831'-361': Chlorite schist, with gneissic zones 346'-348', 854€59'; fault 348'-3b0'; pyritic below 34b'.

TOTAL DEPTH:361'

DX.IO ASSAYS:
No.

I
2

fa
la

Cu

314',-819',

8t9',-924'
324',-827.4'

827.4'.33t.2'

0.087
0.189
0.327
0.245

None
None
None
None

None
None
None
None

Tr
None
None
None

0.3
0.2
1.7
7.9



LOCATION: Zone 18r 7.80E,2.00N

PUBLICATION 29

DRILL HOLE LOG FORDX-11

ELEVATION:4?3'

29

BEARING & INCLINATION: S 38oE, ?5o

Overburden, soil and saprolite.
Quartz-chlorite gneiss with subordinate beds of chlorite schist; milky vein quartz ll3'-122',285'-287',828'-324',326€28', 829'-333'; disseminated
pyrite common; faults 133', lg5', 150'-152', 173',192'-194',218'-219',2481249',28y-A9',300'302', 330'-331'; abundant ealcite-filled fractures;
garnetiferous.

3331371': Chlorite schist and quartz-chlorite gneiss in alternating sequence; chlorite schist beds brecciated; pyritic; pyrrhotite and chalcopyrite iraces
360'-368'with a thin massive sulfide bed at 368.5'.

371'-374.5': Quartz-chlorite gneiss; pyritic.
374.5'-376.5': Massivepyriteandpyrrhotitewithsphaleriteandchaleopyrite.
375.5'-380': Chlorite schist; brecciated and pyritie.
380'-390': Quartz-chloritegneiss;pyritic.
390!396': Semi-massive plnite, pyrrhotite, sphalerite, and chalcopyrite; includes thin chlorite schist layers.
396 419:i Chlorite schist; brecciated and pyritic; seattered magnetite 405'-41?'; microfolding common.
419'-431': Quartz-chloritegneiss;calcite-filledfracturescom4on.

TOTAL DEPTH:431

DX.lT ASSAYS:

0-26'z
26'-8881

LOCATION:

0-I4't
l4'-43',:
43171',:
7t'-300'l.
300'-468',:

No. INTERVAL
1 366.3',-369',

I z s74.7'-s7s'
L3 379'-382.6',

| 4 987'-s92,
I s 992lss7'
6 39?',-399',
7 359',-366.3',

8 369',-378',

Au Ag
None None
None None
None None
Tr None

None None
None None
None None
None None

Pb

N"*
None
None
None
None
None
None
None

Cu

0.476
0.182
0.r82
0.759
0.885
0.126
0.321
0.075

Zn

Lg
1.5
1.4
3.0
4.0
0.1

0.65
Tr

Zone l8; 7.80E,2.00N

DRILL HOLE LOG FOR DX-12

ELEVATION:473' BEARING & INCLINATION: S 33o8.85o

Overburden, soil and saprolite
Quartz-chlorite gneiss; weathered and iron stained.
Chlorite schist, with gneissic zones; microfolding present; sparse garnets.
Quartz-chlorite gneiss, with subordinate chlorite schist beds; variably garne! and pyrito-bearing; trace sphalerite 1?1.5'; high-angle fault 265'.
Chlorite schist, with minor gneiss zones; quartz veins 301'-308', 3tl'-Sl4',927'-gZB',899'-944',A77'-979', 891,-99b,, 418,-416',478'-42i1 microfolding
common; pyritic below 415'; loeal calcite-filled fractures.

LOCATION: Zone 18; 7.70E,0.82N.

TOTAL DEPTH:468'

DRILL HOLE LOG FORDX-l3

ELEVATION: 480' BEARING & INCLINATION: S 33o8.45o

0-19': Overburden, soil and saprolite.
19''192". Chlorite schist and quartz-chlorite gneiss in alternating sequence; variably pyritic with heaviest concentration 135'-160'; sparsely garnetiferous.
192'-196'z Milkyquartz,pyritic.
196'-212'z Chlorite schist; brecciated and pyritic below 200'; traces of pyrrhotite and chalcopyrite throughout breceia zone.
212'116': Semimassive pyrite and pyrrhotite with sphalerite and chalcopyrite.
216''250': Chlorite schist; breeciated and pyritic2l6'-220',227'-229'; intenie microfolding245'-250'; very sparse garnets.

TOTAL DEPTH:250'

DX-l3 ASSAYS:
INTERVAL Au Zn

0.60
0.95
Tr

2.95
0.50
0.05

Pb

N"*
None
None
None
None
None

No.

1
l-q

l3
'1 I
r*c

6

209'-203' Tr
2t3'-208' Tr
208'-2l2', Tr
2t2'-2r7', Tr
2LX'-220' Tr
2n'-222' Tr

Ag
None
None
None
None

0.2
None

Cu

0.088
0.403
0.226
1.020
0.970
0.025
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LOCATION: Zone 18; 7.69E, 0.315

0-13',:

t8l78',:
781198',:

DX-14 ASSAYS:

VIRGINIA DIVISION OF MINERAL RESOURCES

DRILL HOLE LOG FORDX.l4

ELEVATION:495' BEARING & INCLINATION: S 33oE, 45o

Overburden, soil and saprolite
Quartz-chlorite gneiss; highly weathered.
ihlorite schist; Iarnets niariy totally absent; brecciated 113'-160', 178'-186'; disseminated pyrite ff5'-158', 1?8'-186', 192r198'; disseminated pyr-
rhotite, sphalerite and chalcopyrite 110'-142' with no significant concentration.

TOTAL DEPTH:198'

No.

(,
{t
L3

INTERVAL

10y-11(
114',-l19',
tLg',-L24',
r24'-t29',
t29'-t34',
134'-135',

INTERVAL

s94.yS96.y
396.5',-402',

402',-407',

407',-4L2'
4r2'-417',
4t7'-422',
422',424'
424',-429'

429',432.6',
432.5'-484.6',

Au Ag
fr None
Tr None

None None
Tr None

None None
None None

Cu Zn

0.018 0.45
0.044 0.55
0.094 0.15
0.138 0.15
0.157 0.15
0.176 0.20

Pb

N"*
None
None
None
None
None

LOCATION: Zone 18; 11.00E,2.20N

DRILL HOLE LOG FORDX.I?

ELEVATION:486' BEARING & INCLINATION: S 37oE. 600

0-22': Overburden, soil and saprolite.
22'-45': Quartz-hornblendechloritegneiss.
45'-85': Chlorite schist; brecciated and pyritic 55'€0'; traces of sphalerite and chalcopyrite 63';6" diabase dikes at 70'and 71'; garnetiferous 64'-81'.
85'-111': Quartz-chlorite gneiss; pyritic in top 5'.
111'-130': Hornblendequartz-chloriteschist.
130'-203': Quartz-ehlorite gneiss; sparse garnets; disseminated pyrite 139'-161', 170'-172'; diabase dikes 155'-157'; 161'-166', 172''176'; milky quartz

180'-184'; brecciation 149'-151', 158'-17 0', 784'-187'.
208.426': Chlorite schist, with gneissic zones 228'-234',319'-327'; some milky quafiz263'-266'i281'-287',289'-291',299'-301',349'-353',4561460'; sparse

garnets in scattered zones; brecciated and pyritic 203'-227',247'-259',276'-279',327'-530',378'-425'; traces ofchalcopyrite 209.5',224.5',321.5';
sphalerite stringers with pyrrhotite 324.5'; scattered magnetite 216'-225'; disseminated pyrrhotite, sphalerite and chalcopyrite 396'-426'.

4261481': Semi-massive pyrite and sphalerite witn traces ofchalcopyrite.
t1311480': Chlorite schist; milky quartz 456'-460'; pyritic to 450'; no garnets; breeeiated44?'-450'.

TOTAL DEPTH:480'

DX-17 ASSAYS:
Au AS

None None
None None
None None
Tr None

None None
None None
None None
None None
None None
None None

Cu Zn

0.0-12 u2
0.195 L4
0.220 r.2
0.863 0.4
0.264 r.4
0.283 r.2
0.094 Tr
0.220 4.0
0.107 t.4
0.018 None

Pb

N"*
None
None
None
None
None
None
None
None
None

No.

I'2
3
4
D

6

{8
-9

10



LOCATION: Zone 18; 11.00E, 2.20N

PUBLICATION 29

DRILL HOLE LOG FOR DX.18

ELEVATION: 486' BEARING & INCLINATION: S 37o8.45o

31

0-25': Overburden, soil and saprolite.
25.40't Quartz-chloritegneiss;weathered.
40'-86': Chlorite schist; brecciated 83'-74',80'-82'; pyritic 56186'; garnet-bearing 60€6'; diabase dike 54156'; traces of sphalerite 5?'-58'; traces of

chalcopyrite and sphalerite 63.5.64'.
861189': Quartz'chlorite gneiss; diabase dike 103'-106'; disseminated pyrite eommon; local areas of minor brecciation; traces of sphalerite 124'-127';

diabase dike 180'-181.5'.
L89'-208': Diabasedike.
208'-221". Quartz-chloritegneiss;brecciated
221'-280'z Chlorite-biotiteschist.
230'-257': Milky quartz; fracturedand lightly pyritic.
257'-304': Chlorite schist; disseminated pyrite; garnefbearingto286,; brecciated26i'-267',800'-804,.
3041374': Quartz-chlorite gneiss; scattered garnet zones; brecciated nearly throughout; disserninated pyrite common; traees of sphalerite at 308.5', 321',

823'; scattered showings qf pyrrhotite, chalcopyrito and sphalerite S6d-974,.
374''398': Semi'massive pyrite, pyrrhotite, sphalerite, and chaleopyrite; mineralized chlorite schist breccia 391'-394', 395'-39?'.
398'-420': Chlorite schist and quartz-chlorite gneiss; brecciated to 4ll'; disseminated pyrite; traces of chalcopyrite, sphalerite and pyrrhotite 49g1404,.
420'-459". Quartz-chlorite gneiss; scattered garnets and disseminated pyrite; traces oi pyrrhotite and chalcopyrite 450'-455'.

TOTAL DEPTH:459'

DX-l8 ASSAYS:
No,

1

2
a3
):
\o
,6
\_7

8

INTERVAL Au Ag Pb Cu Zn

365',-870',

sio'-874'
374'-879'
379',-384'

384',-390.5',
390.5',-894',
394',-398',

398',-400',

None
Tr
Tr
Tr
Tr

None
Tr
Tr

None
None
None
None

0.1
None
None
None

None
None
0.15
None
None
None
None
None

0.088 1.0
0.220 0.4
0.396 4.9
r.264 6.0
0.548 7.5
0.378 1.5
0.567 4.3
0.1?6 0.3

LOCATION: Zone 18; 1r.00E, 2.20N

DRILL HOLE LOG FOR DX-19

ELEVATION: 486' BEARING & INCLINATION: S 3708. 75o

0-21': Overburden, soil and saprolite.
2L'-4L': Quartz-hornblende-chloritegneiss;pyritic.
4l'-49': Milky quartz.
49'-1081 Chlorite schist; disseminated pyrite below 70'; brecciated 771108'; garnetiferous below 85'; trace chalcopyrite 82'; heavy concentration of horn-

blende 71'-74'.
108'-139': Quartz-chloritegneiss;disseminatedpyrite;sparselygarnet-bearing.
139'-151': Chlorite schist; sparse pyrite.
l5l'-207': Quartz-ehlorite gneiss;variably garnetiferousand pyritic.
207'-224': Diabasedike.
224'-265': Chlorite schist, with gneissic zones; brecciated and pyritic throughout; scattered chalcopyrite 236'-246.5'; schist slightly vuggy.
255'-259.5'z Milkyquartz.
259.5' -260.5' : Diabase dike.
260.5'-268'z Hornblende-quartz-chlorite gneiss.
268'-281': Quartz-chlorite gneiss;pyritic;zonesoflightbrecciation.
28L'-287'. Diabase,withl.S'gneiss2E8.5'-285'.
287'-354': Chlorite schist; thin breccia zones and microfolding; scattered chalcopyrite and pyrrhotite 330'-332'; sparsely garnetiferous and pyritie; diabase

3rr' -3t5" 320', -32r 

" 
322', -327 

" 
828' -329 

" 
337'.339'.

354'-365': Quartz-chloritegneiss.
365'-379': Milkyquartz.
379'-446': Quartz-chloritb gneiss; scattered pyrite and garnets; minor zones ofbrecciation; disseminated pyrrhotite 387'-395'; diabase +32'-433'.
446'-458': Milky quartz; fractured and pyritic.
458'-482': Chloritesehist;diabase476'-477'.
482'-484.5': Milkyquartz.
484.51493': Hornblendequartz-chlorite gneiss; pyritic.
493'-504': Hornblende-quartz-chlorite gneiss; disseminated sulfides 493'-494.5', semi.massive pyrite, sphalerite, chalcopyrite 494.5'-498', barren 498'-501',

semi-massive sulfides 501'-502', disseminated sul{idbs 5021504'.
504f555': Chlorite schist; brecciated 505'-510'; disseminated and stringer sulfides 505'-50?',5191523'; diabase 523'-527',5-31.5'-588'.
oDo -oo, : .LIaDase.

TOTAL DEPTH:557'

DX.19 ASSAYS:
INTERVAL Au Ag Pb Cu ZnNo.

I
f2
{3t4

5

490.5'-492.5' None
492.6'-497.8' Tr
49?.8',-500.8', None
500.8'-502', Tr
502'-504' Tr

None None 0.018 0.2
None None 1.771 8.4
None None 0.025 None
0.3 None 0.239 8,8
0.5 0.20 0.ts2 2.r
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LOCATION: Zone 18; 11.008, 1.06N

VIRGINIA DIVISION OF MINERAL RESOURCES

DRILL HOLE LOG FORDX.zO

ELEVATION: 50r' BEARING & INCLINATION: S 3?oE.45o

0-37': Overburden, soil and saprolite.
81'41,6': Milkyquartz,weathered.
?1.5'-80': Diabase.
80'-100': Chlorite schist; brecciated and pyritic 861100'; scattered chalcopyrite and sphalerite 87'-94'.
100'-103': Diabase.
1031111.5': Quartz-chloritegneiss.
lll.6' -124.5' : Diabase.
124.6'-133'r Chlorite schist; faultl2i'-L27'; garnetiferous; rnicrofolding.
193'-142". Diabase.
142'-147.5'l' Milkyquartz,fractured.
147.51151': Chlorite-biotiteschist.
151'-157.5': Milkyquartz.
157.5'-159.5': Chlorite-biotite schist
159.51171': Milkyquartz.
l7L'-192". Chlorite schist; garnetiferous; pyritic below 184'.
192'-198': Milkyquartz.
198'-322': Chlorite schist; breceiated and pyritic 199'-204',242'-318'; milky quartz, fractured and pyritic,2ll'-215',249'-253'; generally garnetiferous

222'-285';scattered chalcopyrite grains 270'-294'; scattered magnetit:e312'-317'.
322'-331': Milkyquartz.
3311336': Chloritesehist;pyritic.

TOTAL DEPTH:336

DX.2O ASSAYS:
No. INTERVAL

1 85',-87',

12 Vt',-94.5'
3 94.5',-96',
4 270'-275',
5 276'-280'

f o z8o'-285'
\ t 285'-zeo'
L a zgo'-zs4'

Au

None
Tr
Tr
Tr

None
Tr
Tr

None

Ag
None
None
None

0.3
None
None
None
None

Pb

N"*
None
None
None
None
None
None
None

Cu

0.025
0.226
0.050
0.195
0.088
0.144
0.365
0.289

Zn

OJ
2.0
Tr

None
None
None

0.3
0.8

LOCATION: Zone 18; 11.008,3.36N

DRILL HOLE LOG FORDX.21

ELEVATION: 4?5' BEARING & INCLINATION: S 37oE. 75o

0-5': Broken rock, no soil overburden.
5155': Ilornblende-quartachloritegneiss;generallymassive.
65'-74'z Diabase dike; highangle contacts.
74.114': Chlorite schist; scattered calcite veins; minor breccias 85 €?', 91 -94'; chalcopyrite specks 86'.
114'-l2l'z Diabase.
l2l'-134': Chloriteschist.
1341139.5': Milkyquartz.
139.51164': Chloriteschist;pyritic.
164'-17 4.6". Milky quart4 high-grade sphalerite in thin veins.
t74.5L218': Chlorite schist; pyrite and sphalerite 1?8'-179'; high sericite content 1?9'-182'; scattered areas of weak brecciation; disseminated pyrite.
218'-285': Quartz-hornblendechlorite gneiss; sparse garnets; brecciated and pyritic2SS'-260',270'-285'.
285'-294': Chlorite schist; some brecciation and pyrite.
294'-307': Milkyquartz.
807'-837': Quartz-hornblende-chlorite gneiss; sparse garnets; sparse {ractures.
337'-344': Chloriteschist;somebrecciation.
344'-465': Quartz-hornblende-chlorite gneiss; disseminated pyrite nearly throughout; strong fracturing below 395'; diabase 3971398'; garnet-bearing

400'-440'; disseminated pyrrhotite 4041465' with traces of chalcopyrite.
4651689': Ilornblende-quartz-chlorite gneiss; scattered pyrrhotite 4651475'; strongly fractured to 520'; rnoderate to strong brecciation 540'-680'; variably

pyritic and chloritic in breccia area.
6891656': Quartz-hornblende-chloritegneiss;somefracturing.

TOTAL DEPTH:656'

No. INTERVAL Au Ag

f t l6g-16y r" N.*
L2 169'-172' Tr None

Pb

N"*
None

Cu Zn

0.126 6.3
0.176 2.7

DX.21 ASSAYS:



PUBLICATION 29

DRILL HOLb LOG FOR 13-04

ELEVATION: 530' (approx.)

33

BEARING & INCLINATION: S SiloE (?), 460LOCATION: Zone 18;0.258, 1,20N (approx.)

0 60': Overburden, soil and saprolite; nocore recovery.
60r7t': Chloriteschist,siliceous.
?l'-109': Quartzite schist, in plaees chloritic; coarse, granular sulfides associated with siliceous sections;71'-88'well mineralized,88'-109'semi-massive;

sullides are strongly leached with some secondary chalcocite.
1091110': Quartzvein.
110'-194': chlorite sehist, siliceous; 109'-115'weakly mineralized; 136'-l4s'abundant quartz "eyes".

TOTAL DEPTH:194'

I8{4 ASSAYS:
INTERVAL

7t'-74'.
74'-81'
81',88',
88',-92',
92€8',
98'-r02'

102',-106',
106',-109',

Au

0005
0.01
Tr

0.015
0.01
0.0r
Tr
Tr

Ag

Tr
Tr
Tr
Tr
Tr
Tr

0.18
0.24

Cu

0.r7
0.64
0.27
0.57
0.22
027
0.12
0.32

Zn

9.90
0.40
0.59
8.52
7.53
4.76
4.E5

14.55

LOCATION: Zone l8;0.20W, 2.50N (approx.)

DRILL HOLELOG FOR 18-05

ELEVATION: 585' (approx.)

0-?5': Overburden,soil and saprolite; nocote recovery.
76'-127'z Chloriteschist,siliceous;intenselysilicifiedlocally.
127'-l{1". Siliceous chlorite sehist; heavily mineralized sections are in "quartzite schist", 5-100b pyrite with variable amounts of sphalerite.147'-lTl't Chloriteschist,siliceous.
l7L'-L87': "Quartzite schist" with some chloritic sections; sulfides, principally pyrite, are coarse, granular and semimassive; variable amounts of

sphalerite and traces of chalcopyrite.
187'-2ffi'z Chlorite schist, siliceous; some sections entirely silicified; pronounced quartz"eyes" 231'-24L'.

TOTAL DEPTH:256'

18-05 ASSAYS:

BEARING & INCLINATION: S 3308. 45o

No. INTERVAL
{Er6 rn.rw
lE-27 r87'-r44'

r E-28 17r'-176.5'

) E-29 176.5'-177.5'
1 E-30 177.5'-r8r.5',
ln-ar 181.5'-t8z.o'

Au Ag
Tr 0.22
Tr 0.30
Tr 0.19

0.015 0.22
Tr Tr

0.01 0.10

Cu Za

0J5 5-14
0.22 2.08
0.r2 5.94
0.05 6.04
0.05 0.10
0.37 9.40

LOCATION: Zone 18; 4.80E, 3.00N

DRILL HOLE LOG FOR 18-11

ELEVATION:524' BEARING & INCLINATION: S 3308. 45o

0€9': Overburden, soil and saprolite.
!9 

g6'i Hornblende gneiss; biotite and siliceous; partly oxidized.
E5'-114': Quartz-sericite schist.

11!:?99: Ho-rnblende gneiss; with biotite, garnets and chlorite i2!4,-269, increasingty siliceous.
269'-300': Chloriteschist;garnetiferous.
800'322': Shearzone;chloritic;2-B%pyrite.
822'-861't Chloritic shear zone with siliceous zones; massive sulfides appear to be associated with siliceous zones; pyrite, sphalerite and chalcopyrite.861€88': Chlorite schist (shear zone?).

TOTAL DEPTH:388'

INTERVAL Cu

829'-334' 0.89
334',-339', 0.27
339',-344' 0.29
3441349' 0.78
349€54', 1.39
854',-358', 0.87
358',-361', 0.92

No.

E--111
E-112
E-113
E-114
E-ll5
E-116
E-11?

Zn

0.57
5.44

12.35
6.46
3.63
2.27

r0.44

18-11 ASSAYS:



34 VIRGINIA DIVISION OF MINERAL RESOURCES

DRILL HOLE LOG FOR 1&25

ELEVATION: 513' BEARING & INCLINATION: S 3308. 45o

BEARING & INCLINATION: S 83oE,600

BEARING & INCLINATION: S 23oE, 45o

LOCATION: Zone 18r 4,658. 1.60N

0-76't Overburden, soil and saprolite.
751181': Ilornblende gneiss; some minor silicified zones;97'-106'minor pyrite and shearing;157'-162'strong siliclfication.
1811195': Shear zone; weak; chloritic; 5ob pyrite.
195'-211': Chlorite shear zone; 10-150/0 pyrite; garnets and biotite; pronounced shearing 60-700 to core axis.
2ll'-225'z Chloritic shear zone; pyrite, sphalerite and chalcopyrite.
225'-240': Hornblendegneiss.

TOTAL DEPTH:240'

T8-25 ASSAYS:
No. INTERVAL

E--181 :4,6r2tl|
f E-r82 zrr'-zr'
1 E-183 2r5'-2r7'
I E-184 217'-220'
L E-185 220'-225'

Cu

0.62
0.58
0.55
4.r8
0.El

2n

0.66
15.31
r.t2
t.72
3.95

LOCATION:

0-77.',2

77',-r08':
1081378',:
378€81',:
38r',-429',t
429'-442'z
442.474':
474'-663',t
563.577',t
577'-597':

LOCATION: Zone 24; 7.528, 0.94N

DRILL HOLE LOG FOR 18.26

ELEVATION: 520'

zoNE 24

DRILL HOLE LOG FOR DM-l

ELEVATION: 528'

Tr
0.005
Tr
Tr
Tr
Tr
Tr
Tr

None
Tr

Zone 18:4.90E.5.00N

Overburden, soil and saprolite,
Quartz-serieite schist; hornblende-bearing 96'-100'.
Hornblende gneiss; minor sections of quartz-sericite schist; pyritic 241'-243',
Quartz vein.
Hornblende gneiss,
Quartz-sericite schist.
Hornblende gneiss.
Chloritic shear zone; scattered disseminated pyrite zones.
Quartz-sericite schist.
Hornblende gneiss.

TOTAL DEPTH:597'

0-85': Overburden, soil and saprolite.
85'-107': Quartz-hornblende/tremolite'chlorite gneiss; pyritic 85€1', 95'-102'; garnetiferous 95'-102'; trace ehalcopyrite 106.5',
107'-125': Serni-massive pyrite, sphalerite, chalcopyrite, and pyrrhotite; sphalerite varies from brown to blaek.
125'-132'z Quartz-chloritegneiss;pyritic;tracechalcopyritel2S.S'.
132.220': Quartz-hornblende tremolite-chlorite gneiss and hornblende-chlorite schist interlayered; fault 150'in a thin ehlorite schist; fault, with pyrite and

magnetite, 170'; garnetiferous 1701208'; sparsely pyritic; traces of pyrrhotite and ehalcopyrite 193'-194'.
220'-228': Chlorite schist; brecciated and pyritic; biotite replacing chlorite in places.
228'-232". Semimassive pyrite with traees of chalcopyrite and sphalerite.
232'-237': Chlorite schist; brecciated and pyritic;0.5'massive pyrite 234.5'.
237'-353': Quartz-hornblende/tremolite-chlorite gneiss and hornblende-chlorite schist interlayered; generally garnetiferous; variably pyritic; local zones of

brecciation; 1'vein quartz 298'; strong pyrrhotite with trace ehalcopyrite 311'-312.5'; trace chalcopyrite 341'.

TOTAL DEPTH:353'

INTERVAL Au AgNo.

frlz
(3
l4(-5

6

c7l8)s
L10

106',-l10',
110'-114'
114',-l19',
ttg'-122'

r22'-124.6'
L24.6'-126.4',

225'-227',
227',-282'

252'-235.6',
235.6',-238'

Pb

N"*
0.30
0.35
None
None
None
None
None
None
None

Cu

o453
0.274
0.504
0.910
0.409
0.113
0.050
0.006
0.075
0.0?5

Zn

4.0
4.4
4.1
2.7
3.8
0.5
0.1

None
None

0.5

0.4
None

0.5
0.6
0.4
0.2

None
0.1

None
0.r

DM-l ASSAYS:



PUBLIOATION 29

DRILL HOLE LOG FORDM.z

ELEVATION: 528'

35

BEARING & INCLINATION: S23oE, ?5o

r20'-r29".
r29',-2r3',2

2r3',-2r8'z
218',-221',:
221',-230':
230',-253',:
253'-292',2
292',-320't
320',-608':

LOCATION: Zone 24; ?.52E,0.94N

9_!5't Overburden, soil and saprolite.
55'-120': Quartz-hornblendechlo;ite-biotite gneiss; disseminated pyrite below 70.; garnetiferous below 9?,; trace chaleopyri te 107,,, lll,, ll4,; 0.b, thick

chalcopyrite 1lZ
Semi-massiv_e_ pyrite, pyrrhotite, sphalerite, and ehalcopyrite.
3:Ilrtznornblende-chlorite gneiss; scattered chalcopyrite gfains 1371143'; trace ehalcopyrite lb0'; fault l?0,; pyritic l}g,-14g,, l6g,-L76,,207' -213' ; v aiably garnetif erous.
Chlorite schist; brecciated and pyritic.
Semimassive pyrite with trace sphalerite and chalcopvrite.
Chlorite schist; brecciated and pyritic; trace chalc opyriteZZS,.
Quart_z-hornblende-chlorite gneiss; garnetiferous throughou t,
Chlorite schist, with hornblende gneiss zones; brecciate-tl nearly throughout; pyritic; scattered chalco pyrite2E4'-271,,2g4,-m2,.
Hornblende-chloriteschist; generally brecciated and pyritic; chalcopyr"ite conclntrai ions292'-2g4',ztiti.s,-801,, g11.5,-816,.
quar'z-nornblendechlorite gneiss; garnetiferous throughout; hornblende schist zones; generally pyritic to A8O'; traees of chalcopyrite g5g,, A65,,475'.

TOTAL DEPTH:505'

DM-2 ASSAYS:
No. INTERVAL
1 112'-113.7,( 2 rr3.7,-tr7,

J 3 r17'-7r9.7'
I 4 rr9.7'-r24'
L 5 rz['-r2s'6 r29'-13r,
f t 2rs.t'-2r7'
1 8 217.222'
L 9 z2z'-zzs.Er0 252'-254'

f 11 254'-258'

I 12 258'-260'

I r3 260'-265'
L 14 265'-267.s'

15 267.5|269.5'

Au

T"
0.010
0.010
Tr

0.0r0
Tr
Tr
Tr
Tr
Tr
?r

'Tr
Tr
Tr
Tr

Cu

0.151
2.126
0.535
0.352
0.289
0.214
0.069
0.056
0.081
0.1?0
1.088
0.113
0.724
0.748
0.025

Zn

Tt
2.00
0.45
?.30
3.15
0.50
0.15
0.05
0.06
Tr

0.1
None
t.l
1.4

None

Ag Pb

None None
1.4 None
0.2 None
0.6 None
0.8 None

None None
None None
None None
None^ None
None None
None None'
None None
None None
0.2 None

None None



36

LOCATION: Zone 24; ?.52E, 1.25N

DM.3 ASSAYS:

VIRGINIA DIVISION OF MINERAL RESOURCES

DRILL HOLE LOG FORDM.s

ELEVATION: 525' BEARING & INCLINATION: -;90o

0-29': Overburden, soil and saprolite'
N'42'z Quartz'hornblende-chlorite gneiss; biotitic; garnet'bearing to 55'.
62,-t87.i,2 Hornblendechlorite schist-and quartz-hoinblendechloite gneiss interlayered; high-angle fault 75'; quartz veins 109',124',128',140'z

disseminated pyrite 131'-187.5'; very sparse garnets.
lg?.br1bb.6,: Semi-massive pyrite with highiy variable amiunts of sphalerite and chalcopyrite; includes zones of hornblende schist and gneiss; 0.5' vein quartz

140',.

155.6'-186': Quartz-hornblendechlorite gneiss; garnetiferous; pyritic 1?6'-180'; l'pyrrhotite with chalcopyrite and sphalerite l?4'.
185.20E': Hornblendechloriteschist;garnetiferousbelowl98'.
2o812101 Milky quartz veins.
i7}'eAa;t eouitrlm"oUl"nde-chlorite gneiss; garnetiferous to 231'; pyritic below 227' wilh heavy concentrations 235'248'carrying trace chalcopyrite and

sphalerite; 0.5' semimassive pyrite 249.5'.
2561307' Hornbtendechloriteschist;brecciated262L278',2921305'; disseminated pyrite below 262'.

80?€11.5': Semimassivepyrrhotitewithchalcopyrite.
811.5'-883': Ifornblendechiorite-biotite sehist; brecciated and pyritic throughout; seattered chalcopyrite to 330'; garnetiferous.

!l8tt€51': Chlorite schist; brecciated and pyritic throughout; garnetiferoui;0.2'massive pyrrhotite and chalcopyrite_839'.

851'-426't Quartz-hornblende-chlorite gneiis; disseminated pfrite to869'; variably garnetiferous; trace ehalcopyrite370"400'.

TOTAL DEPTH:425'

INTERVAL AU

lSf{St T.
135',-138.8', Tf
138',-140.5', Tr
140.5',-145.5', 0.005
145.6',-150.5' 0.010
150.5',-155.5', Tr
155.5',-157', Tr
157',-165', Tr
174.4'-175.E' None
253'-285' Tr
235'-240', Tr
240'-245' Tr
245'-250' ?f
250'-262' None

304.5',-306.5', Tr
306.5€10', Tr
3r0'-315', Tr
315',-320', Tr
320',-926', Tr
826',-328', Tr

No.

1

2
3

C4ls
L6

a

8

{e
10

(- rr
{rz
L13

14
l5

r- 16

117(18
lle
Lzo

Ag Pb

None None
None None
None None
0.6 0.20
0.7 Tr
1.0 0.10

None None
None None
None None
None None
0.3 None
0.4 None

None None
0.2 None
0.5 None
0.7 None
0.4 None
0.5 None
0.9 None
0.8 None

Cu

0.144
0.3?8
0.018
0.541
0.793
2.126
0.025
0.056
0.10?
0.018
0.037
0.012
0.0?5
0.081
0.025
1.315
0.226
0.151
0.170
0.207

Zn

LN
1.05
0.25
3.35
4.50
5.45
0.05
Tr

2.65
Tr

0.15
0.05
None
None
None

Tr
Tr
Tr
?r
Tr



LOCATION: Zone 24: 7 .528, 2.25N

PUBLICATION 29

DRILL HOLE LOG FORDM-4

ELEVATION: 530'

37

BEARING & INCLINATION: -;90o

0-3il': Overburden, soil and saprolite.
88'-52': Quartz-hornblende-chloritegneiss;sparsegarnetsbelow44'.
62-66': Hornblende-chlorite schist; sparse garnets below 59'.
65'-83': Quartz-hornblendechlorite gneiss; garnetiferous to 87'; fault, with pyrite, 78'.
88190': Hornblendechlorite schist.
901114': Quartz-hornblende-chloritegneiss;uniform.
ll4'-1241 Hornblende-chloriteschist.
124'-166': Quartz-hornblende-chlorite gneiss; variably pyriticand garnet-bearing.
16611E2': Hornblendechloritegneiss.
182'-L87':. Quartz-hornblende-chloritegneiss;disseminatedpyrite.
187'-191.5': Semimassive pyrite and pyrrhotite with sphalerite and chalcopyrite.
191.5'-21?.6': Ilornblende-chlorite schist; sparse pyrite and garnets; ?" high-grade sphalerite and chalcopyrite with pyrrhotite at base of unit.
217.6.279': Quartz-hornblendechlorite gneiss; garnetiferous; pyriticat top and base; trace chalcopyrile220'.
279'-289': Hornblendechlorite schish brecciated; very small darnets; Fyritic; scattered pyrrhotite below 285'; trace chalcopyrite 285'.
?fl9r292'z Milky quartz with pyrite.
292'-297'z Hornblendechloride schist; brecciatedand pyritic; massive pyrite stringerswith traces ofzinc and copper.
N7'-304.6': Chlorite schistbreccia; semi-massive pyrite 299'-000.5'; schistpyriticand garnetiferous.
304.6'-327': Hornblende-chlorite schist; brecciated; pyritic and garnetiferous; trace chalcopyrite 325'.
827.844'z Quartz-chlorite gneiss and chlorite schist; brecciated; garnetiferous and pyritic; scattered chalcopyrite grains 327'-339'associated with pyr-

rhotite; chaleopyrite concentration 341'.
344358': Ilornblende-chlorite schist; brecciated and pyritic; scattered chalcopyrite throughout.
358'-364': Chlorite schist; brecciated and pyritic; disseminated chalcopyrite to 363'.
364'-988': Hornblende-chlorite schist; gneissic below 382'; brecciated to 375'; pyritic throughout.
3881406,: Chloride schist and quartz-chlorite gneiss; semimassive pyrite with zinc and copper 389.51391'; schist/gneiss brecciated and pyritic.
4061434': Quartz-hornblende-chlorite gneiss; generally pyritic and garnetiferous.

TOTAL DEPTH:434'

DM-4 ASSAYS:
No. INTERVAL

1 18U{82
I z lriI'-LB6'
la 186'-1el
4 191',-193',

r 5 285',-2ey

1 6 29r'-296'
L 7 296',-301',

8 339.5',-345',

I 345',-349',

10 349',-350.5',

c rr 388'-389.5',

I 12 389.5',-391',
( 13 391',-396',

| 14 896',-401',
L15 401'-404'

Au

0J05
0.005

lr
Tr
Tr
Tr
Tr
Tr
Tr
Tr
Tr
Tr
Tr
Tr
Tr

Ag
0.2

None
0.2

None
None
None
None
None

0.1
0.1

None
0.2

None
None
None

Zn

T"
3.10
6.65
0.25
Tr
Tr
Tr
Tr
Tr

None
0.85
3.5{)
0.20
0.25
0.05

Pb Cu

N"* Uz'tO
None 0.270
None 0.95?
None 0.075
None 0.050
None 0.037
None 0.025
None 0.315
None 0.711
None 1.008
None 0.151
None 0.f 43
None 0.075
None 0.062
None 0.132



38 VIRGINIA DIVISION OF MINERAL RESOURCES

LOCATION: Zone 24; 7.52E, 8,25N

DRILL HOLE LOG FOR DM-5

ELEVATION: 528' BEARING & INCLINATION: -r90o
0€3': Overburden, soil and saprolite.
38156': Quartz-hornblende gneiss; trace garnets and pyrite bl'-b2,.
56'-78': Hornblende schist; pyritic and garnetiferous 6b'-?0'.
78'-1ll'z Quartz-hornblende gneiss; variably garnetiferous; trace chalcopyrite in breccia g4'45'.
1111121': Hornblendeschist;garnetiferous.
l2l'-179't Quartz-hornblende gneiss; disserninated pyrite 139'-143'; fault 146'; generally garnetiferous; disseminated pyrite and pyrrhotite 168'-l?8'.
1791189': Hornblendeschist.
L89'-202'z Quartz-hornblende gneiss;lightlygarnetiferous.

?9?.?.01 ?', Semimassive pyrite, chalcopyrite and sphalerite; gneiss Z0g,-204,.
207.5'-312': Quartz-hornblende gneiss; breccia 210'; erratically pyritic; garnetiferous nearly through; traces of pyrrhotite 281',290', and associated with

chalcopyrite 307'; brecciated 30b'-312'.
312'-317': Hornblende schist; brecciated and pyritic.
317 333': Chlorite schist; brecciated and pyritic; highin hornblende and biotite 826'-828'; scattered chalcopyrite320'-326'; massive pyrite328€2g'.
333'-342". Quartz-hornblende gneiss; garnetiferous; brecciated and pyritic.
342.3811 Hornblende schist; breceiated and pyritic; garnetiferouJthroughout, milky quartz 886.5,-858.2,; trace chalcopyrite 362.b,,968.b,; disseminated

chalcopyrite 366'-375'.
381'-392': Chlorite schist, garnet-bearing; brecciated and pyritic to 390,.
392'-40L': Hornblendeschist.
401'414': Quartz-hornblende schist; pyritic and breeciated nearly throughout; garnetiferous; trace chalcopyrite associated with pyrrhotite 40e'-406,;

disseminated chalcopyrite 410'-414'.
414'-429': Quartz-chlorite-hornblende gneiss; scattered chalcopyrite 418,-426,with the best concentration at 422,-424,; garnetiferous; pyritic and brec-

ciated.
429'-433't Hornblendeschist.
433'-438': Milky quartz with garnets and pyrite.
4381485': Quartz-hornblende-chlorite gneiss; variably garnetiferous; traces ofpyrite.

TOTAL DEPTH:485'

DM.SASSAYS:
Cu

None
None
None
None
None
None
None
None
None
None
None

No.

1

l2
3

f4
{5
L6
(7
{a
Ls
[10
L11

INTERVAL Au Ag Pb

LOCATION: Zone 24; 7.52E, 4.31N

199.5',-201.5',
201.6'-207'
207',-209'
320',-325',
325',-330',

380€35',
378€81',
381€86',
386',-391',

4L8.5'-422'
422',-426'

No. INTERVAL
| 235'-236.3'

12 236.3'-24r.3'
3 24r.8'-243'

1 4 406:411'

i 5 4rL'-416'
L 6 416'-421.5'

DRILL HOLE LOG FORDM-6

ELEVATION: 528'

TOTAL DEPTH:515'

0.044
0.660
0.056
0.119
0.025
0.037
0.315
0.087
0.012
0.081
0.226

Pb Cu

N"* 0"018
0.2 0.390

None 0.044
None 0.113
None 0.852
None 0.163

BEARING & INCLINATION: -: 90o

0-20': Overburden, soil and saprolite.
20'-189". Quartz-hornblende-chlorite gneiss; variably garnet-bearing; scattered traces of pyrite; fault 106'; traces of pyrrhotite and chalcopyrite g0.b,,

t40'.
1891194'; Quartz-chlorite-hornblende gneiss; brecciated and pyritic; trace chalcopyrite lg2',
194'-214'z Quartz-hornblende-chlorite gneiss; brecciated and pyritic; 194,-199,; pyrihotite scatterdd throughout brecciated area with traces of chalcopyrite;

garnetiferous below 202'.
214'-236.6': Hornblende-chlorite schist; garnetiferous below 281,1; traee chalcop yrlte 220.5',Zgg'.
236.6'-241.5': Semimassive pyrite, sphalerite and chalcopyrite; zone fracture conirolled.
241.5'-272': Quartz-hornblende-chlorite gneiss; trace pyrite; fault 268,; garnetiferous below 26b,.
272'-301': Hornblende schist; scattered garnets. ':.

301515': Quartz-hornblenle-chlorite gneiss; garnetiferous to 450,and b0b,-blb,; trace chalcopyrite 883,, 8B6,; breccia with iron sulfides 33g,_340,; brec_
ciated and pyritic 359'-448'; semi-masslve irbn sulfides 35?'-358'; traces of pyrrhotiie and chalcopyrite scattered from 364'-480'; milky quartz
3931394'; high in chlorite 432'-443'; brecciated and pyritic 460,-490,; pyiitic 4gb,_btb,.

Tr
Tr
Tr

None
None
None
Tr

None
None
None
None

Au

T"
Tr

None
None
None
Tr

None
0.4

None
None
None
None

0.2
None
None
None
None

Ag
0.1
0.2

None
None
None

0.1

None
4.46
Tr

None
None
None
0.90

None
0.05
0.20
Tr

Zn

0.4
4.9
0.2

None
None
None

DM.6 ASSAYS:



PUBLICATION 29

DRILL HOLE LOG FOR DM.?

ELEVATION: 523'

TOTAL DEPTH:305'

BEARING & INCLINATION: -:90o

39

0-32't Overburden, soil and saprolite.
32''129\ Quartz'hornblende-chlorite gneiss; scattered garnet zones; trace pyrite; trace chalcopyrite 73',104'.
129'-t49': Hornblende-chloriteschist;sparsegarnets.
149''231': Quartz-hornblendechlorite gneiss; trace chalcopyrit'e 153'; variably pyritic and garnet-bearing; fault 187'.
231''253': Hornblende-chlorite schist; pyrrhotite stringers 28?'-238'; garnetifeious below 244'.
253'-257': Disseminated pyriteand sphalerite 2b3'-2bb'; semimassive pyrite 2bb,-2b?,.
257''3051 Quartz-hornblende-chlorite gneiss; scattered, large garnetsfmilky quartz with chlorite stringers 268'-2?l'

LOCATION: Zone 24; 7.52E. 5,31N

DM-? ASSAYS:
No. INTERVAL

-..--i-| 250',-253'
12 2lS'-257'
3 257'-259.8',

Au

N"*
Tr

None

DRILL HOLE LOG FORDM.8

ELEVATION: 516'

Ag
None

0.4
None

Pb

N"*
Tr

None

Cu

0006
0214
0.006

Zn

Nr*
4.4
Tr

LOCATION:

0-25',:
25',-96\
96rt23':
r23'-r57',:
157'-173':
r73'-254',:
254'-28r':

28r',-292':
292'-334',:
334'-4r4':
414',-456':
456',-488':

488',-505',:

Zone 24;7.52E.6.31N BEARING & INCLINATION: -: 90o

Overburden, soil and saprolite.
Quartz-hornblende-chlorite gneiss; garnet-bearing below 41'; biotitic bb'-6b,; sparse pyrite.
Hornblende-biotite schist; garnetiferous; zones of microfolding,
Quartz-hornblende-chlorite gneiss; garnetiferous throughout; fault 13J,
Hornblendechlorite schist.
Quartz-hornblende-chlorite gneiss; garnetiferous to 21b'; no pyrite.
Hornblende'chlorite schist; very sparse garnets; pyrrhotite stringers 260'; traces of sphalerite and chalcopyrite 276'-276'i 2" pyrrhotite with
minor chalcopyrite in fracture 2?8'. l

Quartz-hornblende-chlorite gneiss.
Hornblende-chlorite schist; sparse garnets and trace pyrite; rnilky quartzBl2:ll7'.
Quartz-hornblende-chlorite gneiss; sparse garnets; trace chalcopyriie B?1.b,.
Hornblende-chlorite schist; brecciated below 422'; pJritic below 490'; garnetiferous below 44b,; fault 481,.
Chlorite schist; biotitic 4601480'; brecciated and pyritic throughoutfgarnetiferous; pyrrhotite concentration 458'-460'; scattered chalcopyrite
grains 469'-48?1 associated with pyrrhotite.
Hornblende-chlorite schist; brecciated and pyritic; garnet-bearing.

LOCATION: Zone 24: 4.51E. 0.85N

TOTAL DEPTH:505'

DRILL HOLE LOG FORDM-g

ELEVATION: 546' BEARING & INCLINATION: S 23"E.600

0-51': Overburden, soil and saprolite.
5l'-92': Quartz-hornblende-chloritegneiss;verysparsegarnets.

9?'^\92': Semimassive- pyrite, pyrrholite, chalcopyrite, slphalerite; chalcopyrite locally in very high concentrations; no brecciation in hanging or footwall.
1091173': Quartz-hornblende-chlorite gneiss; pyritic 113'-1!6'i 143'-150'; thin (0.511.0') massive suHide zones 1151118'; variably garnetiferois. -
173'-197': Chlorite-biotite-hornblende schist; brecciated and pyritic throughout; garnet-bearing to 182'; disseminated pyrrholite and chalcopyrite grains

178'-t82'.
197''3ll': Hornblende-biotite-chlorite schist; garnetiferous riearly throughout; breeciated and pyritic; 0,5'massive pyrite 209'; scattered chalcopyrite

221' -258' with concentrations at 244', 248', Z5Z', 254',258'.
3ll'-3441 Quartz-hornblende-chlorite gneiss; brecciated and pyritic to 328'; breccia area garnetiferous; trace chalcopyrite 316.5' ,3251326',g35.8 .

TOTAL DEPTH:344'

DM.9 ASSAYS:
No. INfbRVAL
1 w-'gz'

a 2 92'-97'
I s sl'-roz'
{ n loz'-loa'
I 5 r03'-106.5',
L 6 106.5',-r09.4'

7 109.4'-ttt'
8 114',-115',

{ 9 115',-1r8.5'
10 r18.5',-120',

Au-T-
Tr
lr
Tr
Tr
lr
Tr
?r

0.005
Tr

Ag

0.7
l.l
1.1

0.5
1.5
a,
0.6

None
1.2

None

Pb

N"*
None
None
None
None
None
None
None
None
None

Cu

0044
0.965
0.863
0.207
1.930
tE.47
0.119
0.396
0.914
0.239

Zn

N"*
3.7

3.1
None

3.4
8.2

None
None
12.7

None



0-42'z Overburden, soil and saprolite.
42'-71'r Hornblende-chlorite schist; very fine pyrite 47'-64"
7l'-83'r Quartz-hornblende-chloritegneiss;fractured;lightpyrite.
EB,-118,: Iiornblende-chlorite schist/;lfide zone; lightlipyi'iti"; rpu"r" garnets; no brecciation; sulfide zone 111'-118'with thin semimassive zones of

pyrite and minor sphalerite and chalcopyrite.
Quartz-hornblendechlorite gneiss; sparse garnets and trace pyrite.
Hornblende-chlorite schist.
Quartz-hornblende-chlorite gneiss; trace chalcopyrite 194'; large garnets below 156'; disseminated pyrite below 160'; trace chalcopyrite and

sphalerite 184'.

TOTAL DEPTH:200'

DM-10 ASSAYS:
No. INTERVAL
( 1 11v{1s
2 116',-118',

LOCATION: Zone 24; 4.518, 2.15N

DRILL HOLE LOG FOR DM.11

ELEVATION: 549' BEARING & INCLINATION: -;90o

40

LOCATION: Zone 24; 4.51E, 1.50N

118',-l38',:
138rll8':
148',-200't

DM.ll ASSAYS:

Au Ag Pb

Tr 0.4 Tr
Tr 0,1 None

0-50': Overburden, soil and saprolite.
50'-145.5': Quartz-horn|lende-chlorite gneiss; garnetiferous; horizontal jointing; generally pyritic; disseminated magnetite 68'-140'l silicified zone 144'-145'.

145.5'-159': Semi-massive pyrite, pyrrhotite, sphalerite, and chalcopyrite; ore zone vuggy'
159'-181': Hornblendechlorite schist; horizontaljointing; garnetiferous throughout; pyritic to 170'.
l8l€50': Quartz-hornblende-chlorite gneiss; diiseminlatid magnetite nearly thrbughout; pyritic throughout; horizontal jointing pelsists to 255';

numerous traces of pyrrhotite and chalcopyrite, best concentration 3101312'; biotiterich zones below 256'.

3501855': Quartz-chlorite-hornblende gneiss; pyritic; trace chalcopyrite 358'-354'.

VIRGINIA DIVISION OF MINERAL RESOURCES

DRILL HOLE LOG FORDM-1o

ELEVATION: 54E'

TOTAL DEPTH:355'

BEARING & INCLINATION: S 2308, 75o

Cu Zn

0.408 1.9
0.0E8 1.1

No. INTERVAL

] ratsE s.y
\ 2 145.5',-150.5',

i 3 150.5',-155.5',
L4 155.5',-159.1',

5 159.1',-161.1',

Au

N"*
0.090
0.005
0.010
Tr

Ag
None

0.3
0.2
0.3

None

Pb

N"*
0.15
None
Tr

None

Cu

None
0.270
0.100
0.315
None

Zn

None
8.0
4.5
4.,

None

LOCATION: Zone 24: 4.518, 3.15N

DRILL HOLE LOG FON DM-12

ELEVATIONT 541' BEARING & INCLINATION: -;90o

0-50': Overburden, soil and saprolite.
50'-70': Quartz-hornblende-chlorite gneiss; horizontal jointing; garnetiferoug;pyritic 61'-66'.

70.94'z Hornblende-chlorite schist; scattered magnetite 6?'-85'; pyritic TS'-80"
941101': Quartz-hornblendechloritegneiss;garnetiferous.
101'-105': Hornblendeschist.
1051151': Quartz-hornblende-chlorite gneiss; garnetiferous to 140'; stringers of milky quartz 118"120'; scattered magnetite 110'-118'; trace chalcopyrite

111.s',.114',.
151'-1?8': Hornblendechlorite schist/sulfide zone;massive sulfidesat 1?0,51171.5',176'-177';massive pyrite low inZn and Cu sulfides.

L78'-210': Quartz-hornblendechlorite gneiss; pyritic 1?8'-180'; garnet-bearing below 199'.
210'-245': Hornblendeehlorite schist; garnetiferous; pyritic below 232'; 0.5' milky quartz at base.

TOTAL DEPTH:245'

No. INTERVAL
1 16S5-1?05

12 r70.5'-L71.5'
I 1?1.5',-1?3.5',

Au Ag
0.005 None
0.005 None
None None

Pb

N"*
None
None

Cu

0.006
0.056
0.044

Zn

N"*
3.45
0.45

DM.l2ASSAYS:



0-72'z Overbulden, soil and saprolite.
72'84': Hornblende-chloriteschlst;limonitestained.
E4'-92'z Quartz-hornblendechlorite gneiss.
921149' : Hornblende-chlorite schist; variably garnet-bearing throu ghout.
149'-160': Quartz-hornblende.chloritegneiss;diiseminatedplrite.'
160'-1?0': Ilornblende-chloriteschist;pyritic.
1?0'-190': Quartz-hornblen{s-shrqr,ite gneiss; garnetiferous; fractured; sparse pyrite.
1901217': Hornblendechlorite schist; pyritic 200'-209'; 0.5' pyrite and spialeriiJ wittr trace ctratcopyrite 209.b,.217.218': Milkyquartz.
218'-265': Quartz-hornblende-chlorite gneiss; garnet-bearing below 22b,; milky quaftz2ll,-282,;much chlorite 282,-ZBb,.

LOCATION: Zone 24; 4.518, 4.15N

LOCATION: Zone 24; 9.85E. 2.1bN

DM-1E ASSAYS:

PUBLICATION 29

DRILL HOLE LOG FOR DM.13

ELEVATION: 546'

TOTAL DEPTH:265'

DRILL HOLE LOG FORDM.18

ELEVATION: 501'

TOTAL DEPTH:360'

4L

BEARING & INCLINA?ION: -;90o

BEARING & INCLINATION: S 2308.60o

0-29': Overburden, soil and saprolite.
?9.'!t': Quartz-hornblende-chloiite gneiss; garnet-bearing throughout; fractured and veined.E4'-100': Hornblende.chloriteschist;faultedindbrecciatedbelow-gg,.
100'-105': Quartz-hornblende<hloritegneiss;brecciatedandpyritic.
105'-115': Quartz-chlorite-hornblende gneiss; high in biotite biow 106'; pyritic throughout.115'-130': Quartzhornblende ehlorite gneiss; garnetiferous; strong jointing.
130'-185': Quartz-chloritehbrnblendelneiss;fyritic.
135'-179': Quartz-hornblend-e--chlorite gneiss; iemi-massive s1{r.d9p-n9+ mgstly pyrite or pyrrhotite with varyingamounts ofsphalerite and chalcopyrite;semimassivesullides136.T'-189.9',144'-145.7',153.7'-L62.3',164.g'-165.i',167.8;-i7t.g'idisseminatedplyrrhotiteandchalcopyrite 165.2,-167.8';

scattered chalcopyrite in fractures 172ll7g'.
179'-249'z Quartz-hornblende-chloritegneiss;garnetiferousthroughout.
249.270': Quartzrchloritebiotite gneisi; disse-minated chalcopyrit"e zsr126g,; pyritic throughout.270'-292': Quartz-hornblende.chloritegneiss;garnetiferous.
lll'-gOO't Chlorite schist; semi-massive sulfid6s, high sphalerite,293.8'-294.6'; disseminated chalcopyrite 294.6,-800,.8001342': Quartz-hornblende.chlorite gneis"; ga"n"1ife"ou" and pyritic througf,oot..uit"r"a 

"halcopyrite 
328,_830,.342'-360': Quartz-chlorite-hornblende gneiss; larnetiferous; pyritic to 3b0,. -

No.

I,
3
4
D

i6
8

Ier10
11
12
13
t4
15
16
t7
l8

f1et20
2l

Au

N"*
Tr

None
Tr
Tr
Tr
Tr
Tr
Tr
Tr
Tr

None
None
None
None
Tr

None
None
Tr
Tr

None

Ag
0.4
0.3
0.2
0.4

None
None

0.6
None

0.6
1.2

None
None
None
None

0.3
None
None
None
None
None
None

Pb

l{"*
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

Cu

0.10?
0.459
0.037
0.592
0.056
0.378
0.730
0.018
1.323
1.814
0.403
0.0r2
0.r82
0.118
0.081
0.088
0.006
0.151
0.636
0.598
0.087

Zn

N"*
2.r0
0.10
2.25
0.10
7.90
6.70
0.05
0.95
b.du
0.15

None
0.25
0.25
025
0.10
0.10
0.50

11.10
0.65
0.10

INTERVAL
1S4.y-136.y
136.5',-139.9',
139.9',-143.6',
143.6',.r45.7'
r45.7',-r59.3'
153.3',-158.3',
158.3',-162.3',
162.}',-164.6',
164.6',-r67.4'
167.4'-172.0'

r72',-179',
179',-l81',
252'-254'
zil1259',
259',-264',
264'-270'
270'-27z',

291.'',-293.6',
293.'',.?p.5.6',
295.5',-300',
800'-302'
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LOCATION: Zone 24;9.85E, 1.15N

VIRGINIA DIVISION OF MINERAL RESOURCES

DRILL HOLE LOG FORDM-1g

ELEVATION: 501' BEARING & INCLINATION: S 28oE,600

0-75". Overburden, soil and saprolite.
75.98'.: Quartz-hornblende-chlorite gneiss; pyritic; garnetsgS€5';0.1'semi-massive pyrite, sphalerite and chalcopyrite at77.5'.
98Llt2': Hornblendechloriteschist;oxidized.
ll2rll4': Milkyquartz.
1141138': Hornbllnde-chlorite schist; ore zones show strong leaching of sphalerite; semimassive to rnassive sulfides (pyrite, sphalerite, chaleopyrite)

113.8'-115.5', 121'-126.9', 138'-188.5'; 0.3' milky quaftz 128.5',
188'-214'z Quartz-hornblende-chlorite gneiss; garnetiferous 141'-155', 183'-2!5] zone of faulting and brecciation 158'-1?1'; stringers of pyrite, pyrrhotite

and chalcopyrite 200' -201.5'.
2L4r228' Quartz-chl-oiitebiotite gneiss; large pyrite cubes 214'; scattered specks of pyrite and chalcopyrite 214'225'.
228'-304': Quartz-hornblende-chlorite gneiss; gatnetiferous; schistose 265'-270'.

TOTAL DEPTH:304'

DM-19 ASSAYS:
No. INTERVAL
1 1tt.7',-1t3.7'
2 r13.7',-115.5',
3 115.5',-120.4',

{ 4 L20.4'-r26.3'
5 126.3',-r31.9',

[ 6 131.9',-133.3',L7 133.3',-138.5',
8 138.5',-140.5',

Au

N"*
Tr
Tr
Tr

None
Tr
Tr

None

Au

""Tr
Tr
Tr

None
Tr

None
None
None
None
None
None
None

Tr
Tr
Tr
Tr

None
None
None
None

Ag
None
None

0.6
0.2

None
None

0.7
None

Pb

N"*
None
None
None
None
None
0.20
None

Cu

0.050
0.390
0.214
0.579
0.044
1.016
1.041
0.003

Zn

Tt
8.?5
0.30
3.90
0.30
1.15
7.00
0.05

LOCATION: Zone 24;9.95E,3.15N

DRILL HOLE LOG FORDM-20

ELEVATION: 501' BEARING & INCLINATION: S 28oE,600

0-33': Overburden, soil and saprolite.
331130': Quartz-hornblende-chloiite gneiss; core broken and iron stained 3313?'; garnetiferous 40'-?5', 1001109'; milky quartz 85''87'; silicified 109'-114.5'.

1301193': Hornblende-chlorite schist; ione of minor faults 13?'-145'; no garnets; high in biotite 182'-193'; ehalcopyrite and pyrrhotite as fracture fillings
r82',-193',.

193'-216': Quartz-hornblende-chlorite gneiss; chalcopyrite and pyrrhotite in fractures 193'-194'; semi-massive iron sulfides, sphalerite snd chalcopyrite
201.5'-202.5'i pyrite and chalcopyrite in stringers 209.5'; 0.8' semimassive sulfides 211,5'; chalcopyrite and sphalerite fracture fillings 214'; semi
massive pyrrhotite, chalcopyrite and sphalerite 215'-216'.

216'-293'z Quartz-hornblende-chlorite gneiss; garnetiferous; fractured 240'-255'; scattered chalcopyrite speeks 216'-221'; chalcopyrite fracture fillings
221.6', 224.5' -226'; milky quartz 2?5' -27 6' ; lault zone 27 6' -277'.

298'-323't Quartz-chlorite-biotite gneiss;sehistose3001305';pyriticthroughout;scatteredchalcopyritegrains29S'-296',306''307',309'-810',320'-821';drag
folds 316'-317'.

323'-342': Quartz-hornblende-chloritegneiss;garnetiferous;fractured.
342'-356': Quartz-chlorite-biotite gneiss; pyritic throughout; scattered sphalerite and chaleopyrite 342'-843.6'; semlmassive sulfides 348.5€46';

disseminated chalcopyrite 346'-354.5'.
355'-394': Quartz-hornblende gneiss; large hornblende crystals throughouh semi.massive sphalerite.pyrite 362€68'; scattered chalcopyrite grains

364',-892'.

TOTAL DEPTH:394'

DM-20 ASSAYS:
No.

I
2
3
4
a

{6
T

8
o

10
11
t2
13
l4
15
16
L7
t8
l9

[20L2l

Ag
None

0.1
None
None
None
None
None
None
None

0.1
None

0.1
None

0.1
None
None
None

0.1
0.2

None
None

Pb

N"*
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

Cu

0.006
0.850
0.012
0.453
None
0.466
0.075
0.138
0.050
0.018
0.069
0.087
None
0.642
0.069
0.656
0.189
0.006
None
0.006
0.006

Zn

N"*
0.55
None
1.10
0.80
2.25
0.05
0.05
None
None
None
1.0

None
0.?5
0.60
1.20
1.50

None
0.3
4.9
1.8

INTERVAL
18?.y-189.y
189.3',-194',
r9l',-20r.5'
20L.5'-204',
204'-2rr.6',

2rr.5'-2t6.5'
216.5'-22r.5'
22L.6',-226.5',
226.$',-228.6',

303',-305',
305',-310',
810'-3r2',
340',-842'

342'-346.8'
346.8',-348.5',
348.'',-852.3'
352.3',-355',
355',-357',

359.?',-361.?',
361.7',-363.4',
363.4',-365.4',



LOCATION: Zone 24; 9.85E. 4.33N

PUBLICATION 29

DRILL HOLE LOG FOR DM.21

ELEVATION: 506.5'

0-82". Overburden, soil and saprolite.
32'41': Quartzhornblendegneiss;ironstainetl;fractured.
4l'-56'z Hornblende.chloriteschist;garnetiferous42,-b0,.
65'-62': Quartz-hornblenae gneiss; 

"[a"sely 
py"il..- 

* '

62'-90': Ilornblende-chlorite schist; fuult and drag-folds 69'-?1'; milky quartz 83 -84'; quartz with thin bands of nearly pure hornblende 86,-88'.90'-lL2': Quartz-hornblende gneiss.
ll2|127': Hornblende.chlorite schist; quartz veins 112,, 106,-10?,, 10g,-109,, t1l ', 116'; fault t22'.
127'-138'z Quartz-hornblende-chloritegneiss;garnet-bearing
133'-189': Hornblende-chloriteschist.
139'-163': Quartz-hornblendechlorite gneiss; fault 14?,-14g,; garnetiferous 16l,-160,.
163'-173': Ilornblende-chlorite schis! garnetiferous; faults wlth breccia 16g,,1?2,.178'-202': Quartahornblende-chlorite gneiss; milkyquartz l81r1g8,; disseminated pyrrhotite 1g011g5,; fault 191,.202'-2ll1 Hornblende-chlorite schist; irinor fa ultiZOZ'-ZOA,,ZOl'-ZtO,.
2ll'-287': Quartz'hornblende-ehlorite gneiss; pyritic and garnetiferous; chalcopyrite grains 222',22g,,2g6,.
287'-281'6': Quartz'hornblen!91lrtgite qeissj pyritic thioughout; semi-massiue to"massive zones of pyrite, sphalerite, ehalcopyrite, and pyrrhotite

237'-240',243'-249', 256.5'-261.b,; sphalerite-chalcopyrite fracture filli ngs 255'-256,.
261.5''289". Quartz-hornblende-chlorite gneis!; sparsely pyritiq garnetiferous 2?0'-283', 287'-28g'i faults 265', Z7r',280'; schistose and high in chlorite

283'-28,5'.
289'-298': Hornblendechlorite schist; minor fault 294,.
298.32E : Quartz-hornblende-chlorite gneiss; garnetiferous; faults 300,, 803,, 3 07,;0.g, quafizl2}'.
325'-384': Hornblende-chloriteschist;fault385,.
384'-353': Quartz-hornblende.chlorite gneiss; garnetiferous 835,-84?,; minor faults BB6,, B3g,; pytiticB46,_347';large hornblende crystals 834,-34?,; schistose

347'-383'.
853''455': Quartz-chlorite-h91ble$e gneiss; semimassive pyrite 354'.355.5'; schistose 3!6'-358'; very high in biotite Bb6'-B6t'; disseminated pyrrhotite

ard. chalcoplrite 354'-361'; much (20-30ob) disseminated pyrite 365rb80'; high in biotite bzr'-gAO'isemi-massive pyrite gen.s,-Aeo.s,; disiiminated
chalcopyrite 386.5-40U; high in magnetite 386138?'; heavy silica ,one i05'-4LO'; scattered chalcopyrite griins 410'-417'; high in magnetic
4ll'-412.5'; disseminated chalgopyrite and magnetite 417'-425'; semimassive sulfide zone, high in spialeriti +ZS.t lZA.l'; scattEred pyrrhotite
and chalcopyrite $ains 427'-454'.

TOTAL DEPTH:454

DM.21 ASSAYS:

43

BEARING & INCLINATION: S 2308. 600

No, INTERVAL
L 234.5|236.5'
2 236.6'-240'
3 240'-242.6'
4 242.5'-246'

( 6 246'-249.r'
I 6 249.r'-256'
1 z zsd'-258:'
L a 218.2'.26r.5'

I 26r.5'-263.5,
10 408'-410,
11 4t0'-4r6'
12 4t5'-420'
l3 420'-423.8'

f tt 42s.8'-424.8.

1 15 424.8'.426.7'
L 16 426.7'-428.7'

Au

T"
?r
Tr
Tr
Tr
Tr
Tr
Tr
Tr
Tr
Tr

None
None
None
None
None

Ag
None
None
None

0.5
0.4
0.2
0.8
0.1

None
None
None
None
None
None
None
None

Pb

N";
None
None
Tr

0.10
None
None
None
None
None
None
None
None
None
None
None

Cu Zn

0"069 N"*
0.081 2.75
0.088 0.45
0.346 2.70
0.081 13.15
0.277 0.35
2.099 5.45
0.10? 3.60
0.012 None
0.03? 0.20
0.674 0.05
0.428 Tr
0.157 0.05
0.126 0.55
0.466 16.80
0.15? 0.60
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LOCATION: Zone 24; 9.85E, 5.53N

2751327',:'
327.343';
3rlll1880':
3801406',:
4061409',:
409r5t4':

VIRGINIA DIVISION OF MINERAL RESOURCES

DRILL HOLE LOG FORDM.2z

ELEVATION: 511'' BEARING & INCLINATION: S 2308, 600

0-50': Overburden, soil and saprolite.
80'-147't Quartz-hornblende-chlorite gneiss; garnet-bearing 58'-70', 123'-142'; schistose zones; thin quartz veins E0" 89" 90" 95" 98" 100" 101"102"108';

milky quartz 133'-134",143'-146' zone of faulting and brecciation 10E'-120'.

147.16l': Hornblende-chloritegneiss;faultl59'.
161!193': Quartz-hornblende-chlorite gneiss; garnetiferous below 1?0'; minor faults 161', 162', 169'; sehistose 166'-170'.

1931215': Hornblende-chloriteschist;2"calcitevein208'.
215'-264': Quartz-hornblende-chlorite gneiss; quartz veins238',241',264',260'; garnetiferous 224!250'; local disseminated pyrite; sphalerite' chalcopyrite

and pyrrhotite grains 245'-246'; schistose 257'-260"
264'-275'z Quariz-hornbleide-chlorite gneiss; semi-massive to massive sulfides (pyrite, sphalerite, chalcopyrite, pyrrhotite;268.6''2ffi.4"t10"273';lhree

stages of sphalerite noted,
Quirtz-hornblende-chlorite gneiss; scattered pyritic zones, with trace chalcopyrite N2'i garnetilerous2ST''291',307'325'.
Hornblende-chlorite schist; zone of minor faults 3371340'; 0.3' quartz vein at base.

Quartz-hornblende-chlorite gneiss; garnetiferous throughout; milky quartz 359'-361'.

Quartz-chlorite-hornblende gneiss; pyritic, locally to 2506; schistose 395'-397'.
Massive pyrite.
Quartz-chl,orite-hornblende, gneiss; milky quartz 4311433',438'-440'; brown mica eommon; disseminated pyrite throughouu disseminaied

clalcopyrite and pyrrhotite 4-40'-480'with lo;al concentrations; semi-massive pyrite with minor chalcopyrite 451'-451'5'; very high in quartz and
garnets 499'-506'.

TOTAL DEPTH:514'

DM-22 ASSAYS:
INTERVAL Au Cu ZnNo.

I

f2
{3
LT

D

6
(a
l'
18
L9
l0

26t.6',-263.6',
263.6'-266.4'
266.4',-269.9'
269.9',-275.z',
273.z',-275.z',

440'-442'
442|447'
447',-453'
453',-468'
45E -460',

Tr
None
None

Tr
None
Tr
Tr
Tr
Tr
Tr

Ag
0.1
0.8

None
0.6

None
None
None
None
None
None

0.056
1.474
0.075
0.478
0.025
0.069
0.346
0.44r
0.3?8
0.03?

None
3.80
0.05
5.40
0.05
None
None
None
None
None

LOCATION: Zone 24: 9.85E, 5.53N

DRILL HOLE LOG FORDM.z3

ELEVATION: 511' BEARING & INCLINATION: S 23oE'80o

0-36': Overburden, soil and saprolite.
3611?9': Quartz-hornLlendechlorite gneiss; milky quartz 48149', 9?198'; oxidized fault zones 84'-87',90'-92",ninor faults 115', 119'; sparsely garnetiferous.

179'-225': Hornblende-chloriteschist;sparselygarnetiferous.
225.295' Quartz-hornblende-chlorite Sneiss; pyritic 226'-236',292'-Zg5'i quartz-healed faults with pyrite and magnetite 240"243" 250'; semi-massive

sulfides, mostly pyrrhotite,255,2'-256.1'; magnetite in semi-massive to massive bands292'-295'.

TOTAL DEPTH:295

DM-23 ASSAYS:
INTERVAL AU AgNo.

I
l2
t3

4

253',-255' Tr
235'-256.1' Tr
256.I'-257.4' Tr
257.4'-269.4', Tr

Cu Zn

None 0.044 None
None f .619 4.45
0.1 0.081 0.15

None 0.0006 Tr



PUBLICATION 29

DRILL HOLE LOG FOR DM-24

ELEVATION: 496'

TOTAL DEPTH:321

45

BEARING & INCLINATION: S 23oE. 45o
LOCATION: Zone 24; 10.86E, 1.18N

DM.24 ASSAYS:

0!7': Overburden,soilandsaprolite.
87'-102': Quartz-chloritehornblende gneiss; biotite common; pyritic throughout; traces of disseminated chalcopyrite 67.8,_g7.5,; sphalerite andchalcopyrite specks and veinlits gb.-100,.
102'-142': Quartz-hornblendechlorite gneiss; massiv-e pyrite seam 128,; pyritic below rB0,; dragfolds 1Bg,-140,.142'-148.7': semi-massive to massive pyiite with pyrrholite, sphalerite aid chaicoourit".
148.7'-173.6'z Quartz-hornblende.chlorite gneiss; fault zone lb0,_iSO,, fOO.f6g,.
178.6'-176.6': semirnassive to massive- pyiite with pyrrhotite, sphalerite and chalcopyrite.
|76.6'-259,:Quartz.hornblend1|!91!t9.sn9is.s;pyiitefracturefillingswithtr"c"J"ot"ptrateriteandchalcopyrite181,.184,;quartz-healed

zone with breccia 204,-ZlB\ Iault 244,; pyritic below 2b0,.-
l6-9'-2!a': chlorite schist; high in biotite and pyriie; trace disseminated chalcopyrite.266'-289': Semi-massivetomassivepyrite. --
269'-278'z Chlorite schist; high in pyiile and biotite.
278'-821't Quartz-hornblende-chlorite gneiss; garnetiferous to304'; minor faults2ll,2B8',2gg',304,; schistose 800,-309,.

No. INTERVAL
| 140',-r42'

| 2 r42,-r47,
L 3 t4t'-r48.7'
4 148.7'-150.7'
5 170.6'-172.6'
6 1t2.6'-173.6'

[ 7 r7s.6,.r76.6,
L 8 176.6'-178.8'

Au

T"
Tr

0.030
Tr

None
Tr
Tr
Tr

Ag
None

0.7
0.6

None
None
None

0.3
None

Cu

0.018
1.360
0.743
0.188
0.012
0.094
1.008
0.050

Zn

N"*
2.55
0.80
0.15

None
0.10
4.95
0.05

LOCATION: Zone 24; 10.868, 3.40N

DRILL HOLE LOG FOR DM-25

ELEVATION: 520' BEARING & INCLINATION: -:90"
0-27'z Overburden, soil and saprolite,
27'-130': Quartzhornblende-chloiite gneiss and hornblende-chlorite sehist in alternating sequence; pyritic 64,-67', 118'-126'; fault 20,; fracture zone

100,-110,.
130'-157': Quartzhornblende-chlorite gneiss; strongly fractured 134,-13b,.
167' -182' l Hornblende-chlorite schist; milky q uartzli g' _t7 4', t7 5' _t7 6'.
182'-237': Quartz-hornblendechlorite gneissj pyritic l.8z'-r}4'; rgs'-199,, 216,-218',229'-2i7,: fautts 193,, 205,,2rr',225,; disseminated pyrite, pyrrhotite,

sphalerite, and chaleopyrite 216.512i8.1,.
287''246': Semimassive to massive. pyrite,.pyrrhotite, sphalerite, and chalcopyrite; B " band of magnetite at 246,.246'-325't Quartz-hornblende-ehlorite gneill; faults 269',s06',808'; thin 6inds'ot semimassiie sulfides 269'-2?1,; sparsely garnetiferous; schistose

802'-306'; thin quartz veins 28b,,818,,929,.
825'-344't Hornblende-chlorite schist; fault BBd,; pyritic 342,-844,; gneissic 840,_844,.
8441364': Chlorite-hornblende schist; pyritic; scattered chalcopyr'ite grains; high in biotite.354'-360': Semirnassive pyrite; high in muscovite.
860''387': Quartz-chloritehornblende gneiss; high in biotite and pyrrhotite 365'-380'; traces of chalcopyrite; pyritic throughout; massive pyrite ggg.8138b,;

schistose 3?2'-380'.
867405': Quartz-hornblende-chloritegneiss;pyriticandgarnetiferous.
405'-429': Quartz-chlorite-hornilende gneiss; pyritic and g^a-rnetiferous; high in biotite and pyrrhotite 40b'-417,;2" bandsemi-massive chalcopyrite 406.5.;scattered specks and stringers of chalcopyrite 4b6.51418,.
p.'t?l_: Semi-massive sphalerite 429'-482,; disseminated sphalerite 4BB,_484,.484'475': Quartz-chlorite-hornblende gneiss; sehistose 450'-i55'; pyritic; sparse garnets; traces of chalcopyrite nearly throughout; zones of mueh biotite.

TOTAL DEPTH:475'

DM-25 ASSAYS:
No.

2

[3
L4

D

6

8
I

10
11

t2
t13
Ira

15

Au

T"
Tr

None
None
None
Tr

None
None

Tr
None
None
None
None
None
None

As
None
None
None
None
None
None
None
None
None
None
None
None
None
None
None

Cu

0"012
0.308
0.346
0.428
0.012
0.0r8
0.107
0.560
0.170
0.088
0.075
0.081
0.056
0.037
0.056

Zn

N"*
0.2
3.9
5.9

None
None
None
None
Tr

None
0.3

None
24.3
t.2
0.5

INTERVAL
2S3.y,rS5.y
235.,',.236.9'
236.9'-24r.9'
241.g',-245.i',
245.6'-247.5'

404',.406'
406'-408'

408',-413.5',

413.5',-418.5',
418.'',.423.5',
423.,',-427'
427',.428.g',
428.9'-432'
432'-434'
434'-496'
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LOCATION: Zone 24; 10.86E, 4.30N

392'-404.5'z
404.51406',:
406.420',t
420'-446':
446',-460':
460',-505',:

LOCATION:

0-35',:
35148',:
48r100':

100r109':
r09'-12r':

12r',-165',t

No. INTERVAL
1 264"g.26frg

f z 2ffi.9'-260.4'

1 3 260.4',-264',

L 4 264'-267'
5 267',-269',

6 302.6'-304.6',
t 7 804.6',-306.?','s 306.?'-309.1',

VIRGINIA DIVISION OF MINERAL RESOURCES

DRILL HOLE LOG FORDM.26

ELEVATION: 520' BEARING & INCLINATION: -; 90o

0-45': Overburden, soil and saprolite.
45181': Quartz-hornblende-chlorite gneiss; sparsely garnetiferous; faults 6l''62',78'-75"
811111': Hornblendechloriteschist;faultzone86€l',107'-110'.
1111190': Quartz-hornblende-chlorite gneiss; variably garnet-bearing; sparse pyrite; fault zone 184'-189'.
1901220':. Hornblendechlorite schist; fault zone 206', 219'.
220'-267': Quartz-hornblende.chlorite gneiss; thin quartz and calcite veins 222'-227'; fault zone with breccia ?' '-239'; very sparse garnets; pyritic

289'-243"254',-257'.
2571267': Semimassive tomassive pyrite and pyrrhotite with sphalerite and chalcopyrite.
267'-304': Quartz-hornblende-chloriie gneiss; d"' band of magnetite 267.4';0.5'quarlz veins 286', 288'i disseminated to semi-massive sullides, pyrite and

chalcopyrite, 296'-297.6'.
304'-806.5': Semimassive pyrite and pyrrhotite with chalcopyrite.
306.51392': Quartz-hornblendechloriii gneiss;2" band ofchaleopyrite, pyrrhotite and sphalerite 313'; sparsely garnetiferous; schistose 821€30" 363''879';

vein quartz 3821883',386'-387'; pyritic below 383'.
Quartz-chloritehornblende gnelss and chlorite schist; pyriiic; scattered chalcopyrite grains 393 402'; high in biotite 896'-399'.

Semi-massive pyrite.
Quartz-chlorite-hornblende gneiss; trace disseminated chalcopyrite throughout; high in biotite.
Quartz-hornblende-chlorite gneiss; generally pyritic; trace chaleopyrite 435'-439'.

Quartz-chloritehornblende gneiss; scattered specks and stringers of chalcopyrite; garnetiferous.
Giuartz-hornblende and quaitz-chlorite gneiss alternating; trace disseminited chalcopyrite 469''479', 492'-504'; generally garnetiferous and

pyritic.

TOTAL DEPTH:505'

DM.26 ASSAYS:
Au

T"
Tr
Tr
Tr
Tr
Tr
Tr
Tr

Ag
None
None
None
None
None
None

0.3
None

Cu

o018
0.226
0.012
0.365
0.006
None
0.730
0.006

7n
N"*
5.40
4.70
5.00

None
0.05
2.60
0.20

Quartz-chlorite-hornblende gneiss; pyritic throughout.
Giuartz-hornblende-chlorite-gneiss ind hornblende schist in alternating sequence; faults at 53',55',62',69',78',78',91;2" band semi-massive

pyrite with sphalerite and chalcopyrite 90.8'.
Quartz-hornblende-chlorite gneiss.
(iuartz-hornblende-chlorite lneiss; semi-massive pyrite with chalcopyrite and sphalerite, mostly in thin bands, at 1091110" ff3" 114" 115" 116',

118', 119', 121', with scattered magnetite.
Quartz-hornblende-chlorite gneiss; pyritic 121'-126';152'-153'; schistose 135'-139'; faults 134',189',160'; scattered magnetite seams 155'-160'.

Zone 24;11.00E,1.005

Overburden, soil and saprolite.

DRILL HOLE LOG FOR DM.z?

ELEVATION: 495'

TOTALDEPTH:165'

DRILL HOLE LOG FOR DM.28

Zone 24;7.85E, 1.005 ELEVATION: 500'

Overburden, soil and saprolite.
Hornblende-chlorite schist; fault zone 30132'.

BEARING & INCLINATION' -;90o

BEARING & INCLINATION: -; 90oLOCATION:

0-27':
27'.ag',1
39',-65',:
65',47',2
67r83.5',:
83.5188',:
881164',:
r64',-177't
177'-205':

Quartz-hornblende-chlorite gneiss; 1'band massive pyrite with chalcopyrite and magnetite 61"
Semi-massive pyrite with sphalerite and chalcopyrite; fault at base.

Quartz-hornblende-chlorite gneiss; thin seam of semi-massive pyrite at 76'8'.
(iuartz-hornblende-chlorite lneiss; thin bands and fracture fillings of pyrite with sphalerite and chalcopyrite; magnetite present 86 88'.

Quartz-hornblende-chlorite gneiss; garnetiferous; pyritic 160'-164'.

Quartz-chlorite gneiss and chlorite schist; pyritic throughout; massive pyrite 171.5'-173'.

Quartz-hornblende-chlorite gneiss; garnetiferous; pyritic 185'-187'.

TOTAL DEPTH:205



LOCATION:

036',:
36',-138',:
r38',-177':

r17'-r$',z
1901196',:
196'-212',2

24.08 ASSAYS:

24.09 ASSAY:

Zone 24; ll.ffiE, 2.80N (approx.)

Overburden, soil and saprolite,
Quartz-biotite-hornblende schist with garnets.
Mineralized zone in siliceous chlorite schist; weakly mineralized with semi-massive pyrite stringers and bands of l0% pyrite and 50,6 sphalerite;
scattered chalcopyrite specks.
Quartz-hornblende gneiss.
Quartz-sericite schist.
Semi-massive to massive sulfides as follows:
1961201': 30-400,6 pyrite

2-8% sphalerite
201'-201.8': barren
201.5L202.5't 15-20ob pyrite
202.5'-209': weaklymineralized
209'-212': 50{00,6 pyrite
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DRILL HOLE tOG FOR24O8

ELEVATION: 515'

TOTAL DEPTH:254'

47

BEARING & INCLINATION: S 23oE, 45o

15-200,6 sphalerite.
212'-223", Hornblendegneiss.
223'-226': Semi-massive sulfides; ?0-80oi6 pyrrhotite and pyrite, S-bob sphalerite, l-2ob chalcopyrite.
226'-232': Hornblendegneiss.
232'-233': Minerals are 70-80ob pyrrhotite and pyrite, ?-1006 sphalerite, 10,6 chalcopyrite.
233'-254': Hornblendegneiss.

No.

rE- 93

ln-snLE- 95
{ e-rra
{E-119

INTERVAL
196',20f

201.5'-202.5'
209'-2r2',
223',-226'
232.235',

Cu

un
0.32
0.66
t.t4
0.34

Zn

L6L
3.97
E.05
1.81
7.48

DRILL HOLE LOG FOR24-09

LOCATION: Zone24;1r.608,2.80N (approx.) ELEVATION: 515' BEARING & INCLINATION: S 2goE.80"

0-29\ . Overburden, soil and saprolite.
29'-191': Hornblende gneiss; with garnets and biotite; siliceous and chloritic; fractured zone llb'-180'.
191'-193': Minerals are 20-25ob pyrite, lo,6 chalcopyrite.
193'-305': Hornblendegneiss.
3051328': Quartzite schist, with biotite and garnets; about 50ob pyrite in semi-massive to massive veins up to 18"; pyrite very coarse crystalline; minor

chalcopyrite 324€28'.
328'-339'z Hornblendegneiss.

No.

IE"LU

TOTAL DEPTH:339'

INTERVAL Cu Zn

191',-193', 0.15 2.04
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ABSTRACT

Computerized plots of concentration values for
copper, zinc, lead, iron, manganese and eobalt from
HCI leached, fine sand fractions of 339 samples of
stream sediments show close spatial association
with ferruginous quartzites; these quartzites are
within the amphibole gneiss unit of the Chopawam-
sic Formation. Concentrations defined as anomalous
are two standard deviations above the mean; but
values between 1 and 2 deviations above the mean
were also useful in delineating sulfide zones. Iron in
surface waters, gold in panned concentrates, and

silver in unconcentrated sediments are good dis-
criminators for pinpointing massive sulfides.

A new massive sulfide prospect was discovered
by following up geochemical reconnaissance with ad-

ditional geochemical and geophysical surveys in the
area of Cattail Creek, Willis Mountain quadrangle.
Other geochemical anomalies were seen in recon-
naissance studies in the area of Tongue Quarter
Creek, in the vicinity of the Bondurant Mine, and in
areas of the Appomattox State F orest.

The massive sulfide deposits of the area lie within
the Appalachian-Caledonide North Atlantic Metallo

' portions of this report may be quoted if credit is given to the Virginia Division of Mineral Resources. It is recommended that reference to

this report be made in the following form: Good, R.S., 1981, Geochemical exploration and sulfide mineralization, riz Geologic investigations

in the Willis Mountain and Andersonville quadrangles, Virginia: Virginia Division of Mineral Resources Publication 29' p. 4&69.
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genic province, and like other massive and semi-
massive sulfide deposits of this province, formed
syngenetically with the volcanie and sedimentary
rocks containing them. Evidence for a syngenetic
relationship includes conformable sulfide and host
rock contacts, laek of alteration at hanging-wall con-
tacts, and the remarkably close assoeiation of sulfide
bodies with ferruginous quartzite.

The sulfide bodies were probably formed on the
ocean floor by hot brines or fumaroles in distal
volcanie fractures in a back-arc basin during Cam-
brian time.

INTRODUCTION

In 1979 the Division of Mineral Resources began
geochemical reconnaissance of Andersonville and
Willis Mountain quadrangles by stream-sediment
analyses. Previous surveys on trace elements in
stream sediments in the Piedmont (Good and
Fordham, 1977; Good, Fordham and Halladay, !g77;
Good, 1978; Good, unpublished reconnaissance,
Goochland County; Fordham, unpublished recon-
naissance, Fluvanna County) showed that in surveys
using low density sampling (1-5 samples per square
mile), anomalies were very likely to be low-level.
Commonly only one or two samples are as much as
two standard deviations above the arithmetic mean.
Many (perhaps more than one-half) of the near-
surface, massive or disseminated-massive sulfide
bodies in the Piedmont are not recognized in stream-
sediment analyses beeause the bodies are mantled
by thick overburden (50 to 100 feet; 15 to 30 m) or
because surface drainage is away from them.

Variability of metal values within the sediment
samples was kept relatively small by analyzing only
the fine-sand fraction (0.L77 to 0.0625 mm; 80 to 280
mesh). The silt-clay (less than 0.0625 mm) fraction
contains 2 to 4 times higher metal values than fine
sand fractions (Good and Fordham, t977, p. 29). Par-
ticles larger than 2 mm were sieved from the sedi-
ment sample with a stainless steel sieve in the field.
The fine-sand fraction was separated from dried
sediment in the laboratory. This fraction was then
treated with hot 1:1 hydrochloric acid, which
primarily removes the iron oxide coatings, and the
leachate was analyzed by standard techniques of
atomie absorption spectroscopy for copper, zinc,
lead, iron, manganese, cobalt, nickel, chromium,
rubidium, strontium, barium, lithium, silver and cad-
mium. Another split of the fine-sand fraction was
analyzed by X-ray diffraction techniques. These
data were used to make semi-quantitative estimates
of plagioclase, microcline, amphibole, chlorite, mica,
and epidote content. The leached residue was ex-

amined by binocular microscope for pyrite and
gahnite, and further polarizing microscopic and X-
ray work was done as needed.

Element concentrations from 186 sediment
samples in the Andersonville and 153 sediment
samples in the Willis Mountain quadrangles were
plotted on ?.$minute quadrangle maps. Statistical
refinement of the data was made by using a
reiterative computer program which eliminates ex-
tremely high values, values which have distorting
effects on the mean and standard deviation. This
refinement allows smaller values to be considered
anomalous, and helps identify mineralized areas
with low concentrations of metals. The validity of
the reiterative statistical program was established
using known areas of mineralization.

The data were plotted using a computer eontour-
ing program, SYMAP (Figures 1-8). Trace-metal
values for sediment samples are shown in Figures 1-
6. Plots of all 14 trace metals and also semi-
quantative data on sediment mineralogy are on open
file at the Virginia Division of Mineral Resources.
Coneentration values of the 14 trace metals at each
of the 339 sample stations along with plots of the
stations (Figures 9 and 10) are in the appendix.

Detailed geochemical work was done on sedi-
ments, and surface waters as well, at the Morris pro
perty (Zone 24) located in the Andersonville
quadrangle (Plates 1 and 2, Figures 1 through 8).
Finally, a new area of potentially valuable sulfide
mineral deposits, the area of Cattail Creek (Plate 1),
a zone not reported in the paper by Young in
Publication 29, was identified. Results of water,
stream-sediment and soil geochemistry and of
magnetometer, self-potential, and electromagnetic
surveys indicate that this area warrants further in-
vestigation, including drilling. Much of the anomaly
of this area is on the Allen property. Data for the
Zone24 and Cattail Creek areas are on open file at
the Virginia Division of Mineral Resources.

The writer gratefully aeknowledges the assis-
tance of Oliver Fordham, Jr. in programming the
SYMAP computer program; Jacqueline Kennamer
for atomic absorption analyses; Joshua Rosen for
collection of samples and laboratory work; and
North American Exploration, Inc. for assistance in
geophysical surveying at the Cattail Creek pro
spect.

SULFIDE OCCURRENCES AND
GEOCHEMICAL RESULTS

The distribution of some massive sulfide pros-
pects and the location of abandoned gold mines in
the Andersonville and Willis Mountain quadrangles
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is shown in Plate 1. These sulfide bodies are in the
upper unit of the Chopawamsic Formation, which
consists mainly of interlayered amphibole gneiss
and biotite gneiss. The amphibole gne,iss unit, which
is interpreted as a metamorphosed andesitic basalt
or basaltic flow or tuff, is interbanded with a felsic
unit which is thought to be either a recrystallized
rhyodacite or voleaniclastic marine sediment.
Either, the amphibole gneiss or the interbedded
felsic subfacies may be the host roek for sulfides.
The Chopawamsic biotite-gneiss facies is inter-
preted as being probably a metamorphosed volcanic
marine sediment ("greywacke").

Base-metal geochemical anomalies are remark-
ably associated with the amphibole gneiss of the
Chopawamsic unit, particularly in areas containing
ferruginous quartzites as mapped by Marr (19804',
19808). Computerized SYMAP printouts showing
contoured anomalies for copper, zinc, lead, iron,
manganese, and cobalt in stream sediment are il-
lustrated in Figures 1-6. X-ray diffraction estimates
of stream sediment mineralology show that areas
containing abundant amphibole and relatively large
amounts of plagioclase roughly outline the limits of
the Chopawamsic amphibole gneiss. These distribu-
tions are depicted in SYMAPS in Figures 7 and 8.
The major results of the study follow.

I. Sampling and general comments:
1. On a regional reconnaissance density of 1-5

samples per square mile, stream-sediment
anomalies of metals are generally low.
Some anomalies in areas of known sulfide
mineralization were not much greater than
two standard deviations above a reiterated
arithmetic mean; other "possibly
anomalous" stations near documented
sulfide mineralization were only between
one and two standard deviations above the
mean. Increased density of sampling great-
ly increases time and expense of explora-
tion and can best be offset by confining
sample areas to favorable rock formations.
The most favorable formation for concen-
trations of metallic sulfides in the area is
the amphibole gneiss unit of the
Chopawamsic Formation.

2. Because concentrations of metals in
sediments, even in mineralized areas, were
low, data were modified as follows. Ex-
tremely high values were eliminated prior
to eomputation of arithmetic mean and
standard deviation. This process allows
relatively low coneentration to be iden-
tified as anomalies. This analysis was

found to be more useful than one in which
all data are used and in which logarithmic
or geometric means are calculated.

3. Because there are unequal eoncentrations
of metals in the various size fractions of the
sediment, with silt-clay particles having
generally 2 to 4 times the concentrations of
fine sand, the sediments were sieved and
only the fine-sand fraction was analyzed.

4. Experiments in leaching sediments
separately with hot 1:1 HCI and hot nitric
acid-perchlorie showed that the HCI treat-
ment gave higher values for lead, about the
same values for zinc and silver, and lower
values for copper.

5. From atomic absorption analyses of 20
stream-sediment samples (10 were at
anomalous and 10 were at background
levels) it would appear that trace metal
anomalies in general are independent of
magnetite content of sediment. More than
85 pereent of trace metal content of hot, 1:1

leaches of sediment was in diatomaceous
films and iron-oxide coatings on the sedi-
ment. There were very low to no concen-
trations of these metals in magnetite.

6. Metal concentration values in stream sedi-
ment were contoured by computer using a
SYMAP program. These maps are useful
and timesaving, but have limitations in in-
terpretation because of downstream
transport of the sediments beyond forma-
tional contacts. In addition, the computer
program used does not incorporate loca-
tion data defining individual drainage
basins; thus contour lines may not follow
drainage basin boundaries.

7. Metal concentrations as extracted from
stream sediments by using hot HCI leach
defined as anomalous were: 17 ppm for cop-
per,50 ppm for zinc,t2 ppm for lead,5 per-
cent for iron, 728 ppm for manganese, and
15 ppm for cobalt. These values were based
on reiterated arithmetic means and stan-
dard deviations calculated for 339 samples
from both quadrangles. Threshold or
possibly anomalous values lie between one
and two standard deviations above the
mean. Means and standard deviations
were:

Copper
Zinc

Standard
Mean Deviation

7.99 ppm 4.46
25.?3 ppm 11.96



Lead
Iron

6.99 ppm
2.11 ppm

2.49
L.42

193

2.8r
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iron flocculent,2-tl ppm in small streams a
few hundreds of meters from the mostly
subsurface sulfide bodies, and less than 1

ppm in background waters.
2. Springs near sulfide zones not disturbed

by mining are commonly only slightly acid
(pH 5.6-6.1h the most aeid water near the
Zone 24 massive sulfide had a pH of only
5.8 in a spring containing iron-hydroxide
flocculent. Such acid, iron-bearing seeps
are soon diluted in headwaters of small
streams, and pH values are raised to
values of 6.3 to 6.4. Background values
range from 6.8-7.4.

3. Zinc in water near Zone 24 massive
sulfides was not detectable (0.02 ppm) ex-
cept at one iron flocculent spring which
showed 0.54 ppm.

4. Copper is generally not detectable in
waters of the area by atomic absorption
techniques. Of 34 water samples in
drainage near Zone 24 only two showed
copper; values were 0.01-0.02 ppm.

5. Gold (which is detectable by analysis of
panned concentrates) is a good pathfinder
and discriminator element for massive
sulfide exploration. At Zone 24 only two
panned sediment samples taken very close
to the sulfide ore zone showed detectable
gold (1.8 and 0.04 ppm), the rest were below
the detection limit of 0.02 ppm.

6. In reconnaissance geochemistry in stream
sediments, lead shows anomalies at only' one or two stations. never over broad
zones.

Geochemical characteristics of stratigraphic
units:
1. The Candler Formation-stream sedi-

ments derived from rocks of the Candler
are geochemically charactefized by high
lithium and high strontium values and
much mica; the mica is the source mineral
of the metals.

2. Ultramafic rocks in the Chopawamsic
Formation-stream sediments from these
rocks have anomalously high chromium
and nickel values and abundant chlorite.

3. Biotite gneiss of the Chopawamsic Forma-
tion- stream sediments derived from
these rocks contain microcline and no am-
phibole based on X-ray diffraction deter-
minations.

4. Mafic metavolcanic unit of the Chopa-
wamsic-stream sediments from the unit

Manganese 342
Cobalt 7.00 ppm

8. Spearman rank correlation coefficients
between metals in stream sediments found
to be statistically significant at the g9.go/o

level were: nickel and chromium (0.80)

cobalt and manganese (0.28), cobalt and
copper (0.74), iron and zinc (0.67), zinc and
manganese (0.65), nickel and cobalt (0.0b),
rubidium and lithium (0.63) iron and copper
(0.55). Slight or moderate associations were
shown for amphibole and plagioclase (0.44),
chromium and chlorite (0.38) and copper
and chlorite (0.31).

9 Trace metal values in soil formed over
known sulfide mineralizations for copper,
zinc, and lead are all generally in the 100-
500 ppm range, and locally are much
higher.

10. Silver is a good discriminator element for
HCI leaches of stream sediments used in
search of base-metal anomalies. Silver con-
centrations in HCI leaches is 1-2 ppm, and
at places higher, near massive sulfides but
is not detectable at all in background
samples or false anomalies.

11. Gahnite (zinc spinel) is a heavy-mineral
guide to metamorphosed zinc-bearing
massive sulfide mineralization. It occurs in
trace amounts throughout the Chopawam-
sic Formation in the immediate vicinity of
zine-bearing massive sulfides that have
undergone amphibolite-grade metamor-
phism. It was identified at the Zone 18
anomaly (Plates 1 and 2) near the Willis
River in an area of gossan which contained
trenches.

12. Residues from HCl-leached stream
sediments commonly show pyrite in the
vicinity of massive sulfides; the pyrite con-
tent can be estimated semi-quantitatively
by binocular microscope examination.

Results of sediment and water ehemistry
analyses atZone 24 (see Appendix Figures 1-3):
1. Iron in spring and stream water can be

measured rapidly and accurately in the
field and is a powerful guide to massive
sulfide occurrences. In the streams around
Zone24 (Plates 1 and 2)iron concentrations
of 10-21 ppm were found in springs with

III.

II.
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IV.

contain abundant amphibole and relatively
large amounts of plagioclase based on X-
ray diffraction determinations.

5. Ferruginous quartzite-bearing portions of
the Chopawamsic Formation-iron coat-
ings of fine sand in stream sediments near
outcrops of this rock showed anomalously
high values for zinc, copper, lead, iron, and
manganese.

6. The Arvonia Formation*rocks of this for-
mation are geochemically characterized in
the stream sediments by high lithium and
low plagioclase values and no amphibole.

7. Rocks of the Farmville basin-these rocks
are geochemically delineated by strikingly
high lithium, strontium, barium, and
rubidium concentrations in the stream
sediments in the basin. The elements are
mainly in the feldspars and micas which
make up much of the arkosic rocks of the
basin.

Results at selected areas:
1. A very strong copper and barium anomaly

is shown near an old gold prospect in the
Tongue Quarter Creek area in the north-
east part of the Andersonville quadrangle.

2. Stream sediment anomalies were found for
copper, lead, and cobalt near the Bon-
durant mine, 1 mile (1.6 km) southwest of
Andersonville (Plate 1).

3. New areas for massive sulfide explorations
were suggested from geochemical recon-
naissance. One area near Cattail Creek,
Willis Mountain quadrangle (Figures 1-8)

was examined in detail. Results of water,
stream sediment, and soil chemistry
analyses and of magnetic, self-potential,
and electromagnetic surveys are on open
file at the Virginia Division of Mineral
Resources. Anomalies for the geochemical
data are similar to those of Zone 24. Drill-
ing is recommended for the Cattail Creek
area.

4. Other areas recommended for further in-
vestigation include several anomalous
regions within the Appomattox State
Forest in the western portion of the Ander-
sonville quadrangle and areas showing
multi-element anomalies in the Farmville
basin (Figures 1-6).

ORIGIN OF THE SULFIDE DEPOSITS

The Chopawamsic Formation is clearly a highly
favored rock unit for sulfide deposition. Exploration
efforts should focus on it as a prime reconnaissance
target throughout the entire gold-pyrite belt. The
Chopawamsic rocks, originally described in north-
ern Virginia by Southwick, Reed, and Mixon (1971),

have been traced southwestward from about 50

kilometers south of Washington, D.C. for at least
1?5 kilometers (Higgens and others, 1973; Pavlides
and others, 19?4; Pavlides, unpublished data; Conley
and Johnson, 19?5; Conley and Marr, 1980). In north-
ern Virginia and southward to the mineral district in
central Virginia, the Chopawamsic has a content of
major oxides and trace elements (particularly the
rare earths titanium and zirconium) suggestive of
rocks belonging to tholeiitic island-arc suites; some

of the samples are calc-alkaline in character. (Gair,

Pavlides, and Cranford, 1980). In central Virginia,
whole-rock analyses of interlayered felsic and mafic
Chopawamsic volcanic roeks on the western limb of
the Columbia syncline suggest that the rocks were
originally sodium-bearing rhyolites (ocean soaked
tuffs?) and andesitic basalts. (Good, 1978, p. 107).

Chopawamsic rocks of the Columbia syneline bear
evidence of both subaqueous and subaerial origins.
For example, delicately laminated mafic rocks with
graded bedding are suggestive of subaqueous tuffs,
and ellipsoidal epidosite masses there may repre-
sent pillow lavas. Subaerial eonditions are indicated
by thin, amygdaloidal amphibolites (Good, Fordham,
and Halladay, \973, 1974, L9771. These rock are
similar to Chopawamsic rocks in the Willis Moun-
tain and Andersonville quadrangles.

Based on the data above and on lithologies of
Candler and Chopawamsic rocks, the Candler-
Chopawamsic volcanic-sedimentary belt is inter-
preted as representing two geologic environments,
a back-arc basin and an inner arc of a double-island-
arc system, which was east of the back-arc basin.
Both environments were east of the ancestral North
American plate. The Chopawamsic may be coeval
with either Carolina slate belt or Charlotte belt
rocks of southern Virginia and North Carolina.
Candler rocks, which conformably underlie the
Chopawamsic, represent marine sediments of the
back-arc basin or, possibly, of a more westerly
located, less volcanic or non-volcanic facies partly
coeval with Chopawamsic volcanics. During late
Preeambrian time, a sea-floor spreading-center
developed in the back-arc basin; by Cambrian time a

southeast dipping subduction zone was developed
under the Chopawamsic island arc. This generalized
model is based on ideas of Good and others (1973)
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and on recent, deep seismic data gathered by the
Consortium for Continental Reflection Profiling prG
ject (Cook, Brown, and Oliver, 1980).

Massive sulfides in the Chopawamsic Formation
of the gold-pyrite belt of northern and central
Virginia Piedmont are part of the Appalachian-
Caledonide North Atlantic metallogenic province,
which extends from Alabama to Newfoundland and
on into northwestern Europe. This ocean-separated
province has remarkably similar geological and
geochemical features throughout its length. Many
economically valuable sulfide bodies were formed
syngenetically with enclosing rocks, mostly in late
Precambrian, Cambrian, or Ordovician time. The
deposits originated on the oeean floor and were
preserved in tuffs, lavas, and marine sediments in
the oeean basins adjacent to ancient island arcs or
along fractures in oceanic or back-arc spreading
centers.

This volcanogenic concept of sulfide mineraliza-
tion is based on many independent investigations,
but has only recently been widely accepted in the
English-speaking geological community. Ohashi
(cited in Watanabe, 1970, p. 424) working on the
Kuroko deposits of Japan, and Carstens (cited in
Oftedahl, 1958, p. 5), working independently on some
Caledonide sulfides in Norway, reported similar
revolutionary concepts concerning the volcanic and
oceanic origins of sulfides in 1919. These ideas gain-
ed wide acceptance among European and Japanese
geologists from 1920 onwards, but the volcanogenic-
sedimentary concept was generally ignored by
English-speaking geologists. The hydrothermal con-
cepts of Lindgren, whose Mi,neral Deposits was in
its 4th printing in 1933, and of others of his school,
dominated thinking on ore genesis until Oftedahl's
(1958) forceful paper, "A Theory of Sedimentary
Ores," and Stanton's (1959, 1960)papers on conform-
able pyritic bodies in marine sediments. These
works stimulated the publication of many papers on
ore genesis in the 1960's (Williams,1961, 1966;Good-
win, 1962 and 1965; Fisher, 1960; Croxford, 1964;
Gilmour, 1965; Roscoe, 1965; Hutchinson, 1965;
Kinkle, 1966; Kalliokoski, 1965; Vokes, 1966, 1969;
Tatsumi (1970).

By 1970 there was widespread recognition that
many concordant massive sulfides formed at the
same time as the host rocks that enclose them; ex-
amples were cited mainly from the Archean, the late
Precambrian, early Paleozoic, the Tertiary, and the
Recent. The volcanogenic concept was strengthened
with the discovery of deposition of sulfides and
manganese oxides along the mid-Atlantic Ridge, of
metal-rich brines in the Red Sea and Salton Sea

(Bischoff and Manheim, 1969; Degens and Ross,
1969), of a "working-model" of continuing pyrite and
marcasite deposition from submarine fumaroles in
water-soaked tuffs in the Mediterranean Sea (Hon-

norez and others, 1971), and of hydrothermal deposi-
tion of base-metal sulfides from submarine smoke
plumes northeast of the Galapagos Islands at the
Nazca-Cocos plate boundary. (Ballard and Grassle,
1979). Further development of volcanogenic con-
cepts in the 1970's involved fitting the model to con-
cepts developed from plate tectonics, including the
recognition that massive sulfide deposits are con-
centrated along subduction zones or along spreading
centers on the ocean floor (Sawk-ins, 1972, Guild,
1973; Strong, 1976).

Today, research is aimed at synthesis of many
separate investigations on experimental ehemical
and physical models of sulfide formation, on the
details of whole-rock and trace-element chemistry of
the host rocks, and on more accurate dating of
sulfides and hosting rocks. An extensive
bibliography on stratabound massive sulfides in the
Appalachian and Caledonide orogens is in Sangster
(1980). A map of volcanogenic sulfides from Alabama
to Maine is in Gair and Slack (1979).

In the Willis Mountain and Andersonville
quadrangles it is apparent from drill-core sections
(Plates 3-6) that chalcopyrite-, sphalerite-, and
galena-bearing pyrite bodies are lenselike in form,
and that these bodies were essentially conformable
with the original bedding of the enclosing volcanic
or volcanosedimentary rock before they were fold-
ed and metamorphosed. One of the most obvious and
persistent observations in the field is the associated
occurrenee of ferruginous quartzite beds and sulfide
zones.

Furthermore, at Zone 24 the sulfide deposit does
not show significant alteration on the hanging-wall
side (the stratigraphic top) (Riesmeyer, 1969). Ex-
amination of sulfide occurrences in the area does not
disclose that sulfide mineralization follows fault or
shear zones. Further, there are no major intrusive
bodies in the area. A small body of plagioclase
granite intrudes the Chopawamsic in the southwest
part of the Andersonville quadrangle.

The stratabound massive and disseminated pyrite
mineralizations within the Chopawamsic rocks prob-
ably formed on the ocean floor from volcanically
derived hydrothermal' sources during waning
volcanism. The metals were probably deposited
subaqueously, either as metal brine seeps or as
cyclic fumaroles, perhaps forcefully as "smoke
plumes," in a back-arc basin during Chopawamsic
time. The hydrothermal fluids reached the ocean
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floor either at the tops or on the flanks of volcanic
centers (proximal deposits), or through satellite
fractures along the trendline of a series of voleanic
centers. Precipitation was primarily caused by a
drop in temperature as the heated f,Luids (80-300oC)

entered the cold waters of the deep ocean and by the
sudden change from acidic (pH 4-5)to alkaline (pH 8)

conditions produced by this emergence of the metal-
charged fluids. However, unusually high volumes
and temperatures of the fluids could have delayed
precipitation, and density currents might have car-
ried the metal-rich brine some distance from the
vent, forming distal deposits. Without violent
seismic activity, steep slopes, or active turbidity
currents, the metal precipitates were buried and
preserved by additional volcaniclastic marine sedi-
ment or volcanic material. Proximal sulfides at
places were disrupted by resurgent and explosive
activity (steam blowouts)which caused local breccia-
tion of rock and folding and slumping of soft
sediments and led to late-stage precipitation of cop-
per, zinc, and lead sulfides. Such deposits are ver-
tically zoned; lead and zinc are commonly in the up-
per part of the sulfide body, although these metals
originally may have been precipitated at the bottom
of the deposit. After uninterrupted buildup of
sulfide sediment, some sulfide deposits on top of a
volcanic center moved downslope by gravity away
from the vent. These deposits were probably diluted
during transport, whereupon they gave rise to
distal deposits of disseminated pyrite in the
volcaniclastic sediment. Distal sulfide deposits, the
common ones in the study area, also formed directly
along satellite hydrothermal plumbing systems
some distanee from the volcanic center. As the
fumarolic emanations persisted, the metal
precipitates either built up until the vent was clogg-
ed, or the top of the sulfide zone was sealed by a
chert capping formed from the deposition of opaline
silica. Ferruginous quartzites, so closely associated
with sulfide pods in the Chopawamsic rocks, are
thus considered to represent iron-charged opaline
silica deposits precipitated as chert along linear
fractures satellite to an arcuate system of volcanic
centers. The precipitation of silica is probably ef-
fected by the sharp drop in temperature accompany-
ing its emergence from the fracture. At 200oC the
solubility of amorphous silica in water is about 870
ppm; at 25oC, it is about 134 ppm. The solubility of
amorphous silica is little affected by pH over the ap-
propriate ranges (about 2 to 8). These relationships
also apply to quartz, but the values for solubility
are: for 200oC, 269 ppm; for 25oC, 10 ppm (or less)
(Holland and Malinin, p. 469). In the absence of sub-
marine volcanic disturbance. these fractures were

sealed by silica deposition, thus accounting for their
very limited thickness from a few meters or less to a
few tens of meters. Later, these fracture-derived
cherts were recrystallized to form magnetite- or
magnetite-hematite-bearing quartzites.

With this model of ore genesis, sulfide deposition
is seen as very strongly controlled by the conditions
in the marine sedimentation basin, the phase and
strength of volcanism, and the location of vent
sources. Bedded deposits with graded bedding need
not be explained as "molecule for molecule" replace-
ment in permeable, chemically susceptible rocks,
and ore solutions need no fault or shear zones for
their emplacement. Cross-cutting vein systems
associated with or under massive sulfides are seen
as hydrothermal plumbing systems (epithermal

deposits) originally formed beneath the ocean floor
or beneath a volcanic vent, but not above such a
vent. Zoning and paragenesis of metals is explained
as being the result of an evolving chemical activity
in a single vent system, and lateral zoning is explain-
ed as being controlled by distance from vent source
and temperature of the hot metal brine, not by later
"remobilization" during metamorphism.

Sulfide lenses probably occur along hinge lines
and axial traces of folds in the Willis Mountain and
Andersonville quadrangles. Such distribution would
have resulted from attenuation and duplication of
beds by polyphase folding, not from structural con-
trol of hydrothermal deposition in favored
permeable or fractured locations. The geometry of
folds associated with the sulfides is seen as being
controlled by primary sedimentation, including soft-
sediment slumping, local deformation and breccia-
tion by submarine volcanic steam blowouts, and not
alone by later deformation of indurated rock. Even
the location of folding axes is probably partially con-
trolled by occurrences of primary, soft-sediment
folds. Sediments and volcaniclastics with low com-
petence and also fractured volcanic centers would
be favored sites for later folding.

A volcanic origin is suggested for some gold
deposits in the Willis Mountain and Andersonville
quadrangles in spite of the observation that some
quartz veins cut across bedding. The quartz veins
may represent deposits formed in epithermal
fumarolic feeder pipes or may even represent sub-
marine cherts (which would become "reefs" or
quartzite beds) deposited from hot springs on the
ocean floor. Thus the veins would be the product of
near-surface processes rather than deep-seated
ones. This idea of origin is supported by the
observation that ore-grade gold deposits are
originating in subaerial hot springs in New Zealand
(Weissburg, 1969), and that some Carolina slate belt



PUBLICATION 29

REFERENCES

63

vein deposits are interpreted to be voleanogenic
(Worthington and Kiff, 19?0). Gold deposits in the
Columbia syncline both in Arvonia-age quartzite
beds (recrystallized cherts ?)within mica schists and
in Chopawamsie rocks were ascribed to volca-
nogenic sources, possibly submarine fumaroles
(Good and others, 1973; 1974; 19?Z). In the Willis
Mountain-Andersonville quadrangles, gold deposits
in the Arvonia Formation have been explained as
being fossil placers in Arvonia sediments. The gold
source was rocks of the Chopawamsie Formation
(Conley and Marr, 1980).

It is also probable that kyanite deposits in the
area are volcanogenic. Field evidenee in support of
this idea ineludes the following: (1) the oceunence of
kyanite in the gossan and drill cores of the
Chopawamsic Formation at Zone 24; Q) the
widespread'occurrence of pyrite (generally about 1
percent) in kyanite quartzite at Willis and Woods
mountains; (3) occurrence of pipe-like features con-
taining clay and vein quartz in kyanite quartzites at
Willis Mountain; (4) the common occurrence of
fuchsite in kyanite schists; (5) the presence of topaz
in trace amounts in kyanite quartzites in the Willis
Mountain area.

RECENT EXPLORATION AND
FUTURE PROSPECTS

The Willis Mountain and Andersonville
quadrangles area has not been exhaustively pros-

pected geochemieally and very probably contains
undiscovered sulfide bodies, some of which will have
no geophysical signature in airborne elec-
tromagnetic surveys and may have no gossan.
Geochemical and geophysical exploration for sulfide
bodies in the area of investigation was conducted in
the 1970's by several mining companies, including:
Texas Gulf Sulfur, Continental Oil, Phelps Dodge,
Anaconda, and Callahan Mining. Airborne elec-
tromagnetie surveys followed by soil geochemistry
and ground-based self-potential, magnetometer and
electromagnetic surveys for selected areas were
commonly used. Stream-sediment chemistry was us-
ed in some areas. Much of the information produced
by these several surveys has remained in private
company-files and the results and extent of
coverage are not known.

For mining to begin in the area, either new
diseoveries of large-tonnage bodies will need to be
made or tonnages of current prospects will need to
be increased by showing that bodies from two or
perhaps three sulfide zones can be leased at one
time and milled at one site. The Morris property
lZone 24) was considered marginally economic in the
1970's. Changing market conditions based on in-
creased industrial demand, dwindling domestic
reserves and diminished foreign sources, or inflated
prices for base-metals, may well hasten sulfide min-
ing in the area during the 1980's. Resources would
include copper, zinc, lead, gold, silver, and perhaps
tin and pyrite.
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APPENDIX: GEOCHEMICAL DATAFOR ANDERSONVILLE AND WILLISMOUNTAIN QUADRANGTES
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s. 0. 0. 33. 0.
8. 0. 0. t4. 0,

1€. 0. o, 22, 0.
51. 0. 0. 29. 0,
31. 0. 0. 12, 0,
a. 0, o. 10. 0.

18, 0, 0. 8, 0,
18. 0, 0. 17 , 2,
20, o. o. 8, ?.
10. o. o, 27, 0,
13. 11. O. 17. 0,
?, l5, o. 45. 0.
7, t2, 0. 80. 0,
3, 5, 58 . 60. O.
3, 13, 4, 55, 0.
0. l?, 0. 57, 0.
a, 6, 0, 30. 0.
4. 0, 0, 83, 0,

10, 0, 0. 60. 3,
0, 0. 0, 30. o.
5, 15. 0, 44 . 0.
o, 17, 0. 80. 0.
0. 18, 0, s0. 6,
4, 14. 0, 6€, 4,
0. 22. 0. 80, 4.
0. ?0. 0. 80, 10.
0. 14. 0, 65, 11.
0. 1?. o. 65. 8.
7. t?, 0. 50, 0.

10. 12, 0. 54. 0.
L 10. 0. 4S. 0.
7, t3, 0, 50. 0.
0, 9. o. 53, 0.

10, 0, 0. ?1, 0,
8, 0, 0. 33. O.

15, 8, 0, 30, 3.
8. 12, 0. 23 . 0,
o, 12. O, 31. O,
o, 0, 0. 66. o.
8, 0. 0. 14. 0.
4.,. t2-. _0-..8_O-.. O-,.

6. 0, 14, 13. 5,

?6.268,1.59 9. 14. ls, ?4. 0r0 30.7. 5.
16.198, .98 6, 6, 6. 10, 0.0 10,6,
68. ?58, s.99 10. 15. B. 26, 0,0 20,9,
61,172, s.41 13, 19. 11. 3?, 0,O 20, 8,
33,19r, ?.23 9, tt. 9. 21, 0.O 20t 5.
14. r34.1.42 8. 7. 15. 20, O.O 30,7,
21.19S. ,7r 5, 8, 9. 10, 0.0 ?0,7.
34.154. ?,66 6, lt, 9, 17. 0,0 20.9.
2r. 299, 1,55 5, 8. 8, 1:. 0.0 ?0.10,
15. 295. 1.26 5. 5, s, 22, 0.0 30. 7,
?5, 700. ?,11 9, L lO. 57, 0,O 30, ll,
27, ?91. t,s? 8. 9, 7, ?.!, 0.0 J0,5.
20,478. ?.93 10. 8, 7, 54, O.0 50. s.
51,3s5,3.09 12, la, 15. ?S. 0.0 80. S,
33, 302, 1.1? 10. 9, 7, AO, O,O s50,12,
?o,518.5,66 13, 8, 9, 30. O.O 30. €,
14,736.3,44 16, 9, 11. 88. O.0 90.8.
5.495.2,99 6, 3. 4, a5, O,0 70,9,

13.44:,2.49 B. 4. 7, ?0. 0.0 10,6.
50,468,1,91 16. ?2. l?, 17. 0.0 50.7.
8.114,1.50 2, 3. 1. 12. 0.0 10,5.

30,385,3.:6 r3. t0. 12, 28. o.o 20.5t
7,662.5.Os 15, s, 14. 34, 0.0 t0,7.

10,312. ,59 5, 5, 3, 16, 0,0 30,7,
33.657,7,40 18. 9. 13. 49. 0.0 20,7.
9,3?7,4.94 9. 4, 9, 27, O,O ?0,7,
s,1038. 6.r6 11, 6, lO. 275, 0.0 ?0,10.
s.449.4,99 9. 4, 14. 70. O,O 10, S.

r5.626.4,33 9, 6. 11, 35, O.O r0,8.
7, 546, 3,71 8. 3. 9, 42, 0,0 10.10.

25. 540.14,47 2?, 11. 14, 57, O,O rO,10,
8. 6?9, 3,64 9. 4. 11. 23, 0.0 10,10.

48.496.2,06 9. 9, 6. 20. 0.0 ?0,6,
29. S55,10.37 ?4. 10. 30. 55, 0,0 ?0. ll.

118.901.4,8t ?5, ?4, 14. 39, O,0 ?0. g.
44.215,2.40 6, 9, 6. 12. 0,0 20.7.
?9, 377, ?,94 16, 13, 14, 41. 0.0 30,34,
66. 59!, 2.65 16. 25, 28. 35, 0.0 sO.14.
t7, 147, r,26 4. 3, 4, 15. 0,0 10.13,
?1.369.1.44 7, 4. 8. 18, 0.0 10,9,
8, 135. .s4 2. ?. 3, 10, 0.0 20,18.
7, 23r, ,69 ?, ?. 4. 10, 0,0 10. 7.

16.192.1,59 3, 2. 5, :6. 0,0 r0.8.
10.357. ,89 4, 3. 4. 13, 0.0 10,7,
16.212. .91 5, 5. 16. 20, 0.0 10. 7.
10,125. ,52 3, 3. 5, l?. 0,0 10.4,
7, 46, ,34 1, 3, 2, 10. 0,0 10, 6,

32,189,2.1A 6. 14. r1, 30, 0r0 20.5.
20.156.1,19 5, 6. 10, 16. O.0 20,6r
13. r91, r.06 5, 3. 7, r5. 0.0 !0, L

,9

.!

,9

,2

,6
,a

,0
,8

1.0
l,l

1,6

1.4
Itl

1.2
1,7

.5 s,139, l.O4 ?, 3. 2, 35, 0,0 20.7.
r,5 18,264.1,86 7, 6, 14. ?4. 0.0 40.9,
LO 12. 96. ,83 3, 4. 6. 14, 0,0 ?O.5.
.7 14. l7l. 1,13 4. 4, 6, 11, 0.0 10. 7,

1.1 15.463,1.89 7. 6. B, 30, 0,0 20. 7,1.0 6,116.1,29 2, 3. 3, 34. 0,O 10,5,
!..4 9, 2A9. 

' 
A7 8. 3. 40. ?8. O.O 30, 6.t.a t3. J/J. t,/4 /. ql

2.6 9.114, ,97 4. 4, 6. ?0, 0,O 50, 5.

18,113.1,O0 €, 10. 13. 2:, 0,o 20,7.
30.223, ,98 5, L t0, 19, O,0 30.9.
17,280,1,0? 3, 7, 9, 21, 0,0 10.6,
a, 130. .51 ?, ?, 4, 12, O,O 10. 3,

14,203. .8r 4, 4, 6. 16, 0.0 10,7,
t. ?10, ,94 4, 3, 4, 13. 0,0 10, 6,
a,324, .63 3, 3, 3, 9, 0.0 10.6,

12. 268, l.19 5, 4. 6. 18, 0.0 r0, l:.20. 561, 1,94 11. 8. 1?, 40, 0.0 50.16.
6?,655.4.s4 18. 22. 20, 35, 0,0 40,6.
?0, 517, 2,54 11. 6. 15. 3?. 0.0 ?0. 5,15.397.3,t9 1!. 6. 28. 38, O,0 30, 8.
7, t50, .6a 3, 4. 3. 11. 0.0 !0,3.

10, s79, ?.82 t7, 6, ??, 40, o.0 30, 7,
8,68t. ?.?3 14. 5. 18, 31. 0,O 20. 7,
6, X22,2,65 8. 4. 7. 47, O,O 20,7,
6,209,3,21 2, 3. 2. t5. O.0 10.6,
7, 323. t,2g 4. 4, 8, 34, O,0 30. 8.
?.3?0. ,97 3, 1, 2, 8. 0.0 10. 3.
9,469, 

",60 
12, 6. 3e, 29, O,0 30. 8,8.:S9, r.32 6. 3, 5, 16. 0.0 i.0. 5.

10. rrr, 1,12 3. 3. 6, 14, 0,0 10. 6.
14, 301, 1.1: 7, 3, 7. lt. 0,0 20. 4,9,298,1,76 6, 3, B. ?0, 0.0 ?0. 4,
15, ?42. ,90 6. 5, 8. 9. 0.0 :0. 4,
23.4?4.1.02 10, 10. 10, 1:, 0.0 40.7.
9.715, ,99 7, 3. 61 11, 0.0 30. !,

30. ?41, l.ar 8, 7, 7, 15. 0,0 30. 6,
19, r47.1.00 3. 5. s. lzt 0.0 10.4,
?r, 246,2,O9 B, 6. 7, 18, O,0 30. 5.
18. ?15.1.53 4, 7. 6. 24, 0,0 20, 7,
18, ?54, r,38 5. 7, 7, ?8, 0,0 30.:,
4, 96, ,62 0. 2. 2. ?1, 0.O 10. 6,

o.0 11. 8.
0.0 8. 0.
0,0 6. 0.
o,o 6. 0.
.6 19. 6.

0.0 19, 0,
o,o 3. 18.
0,0 ?. 15.
0,0 1. o.
0,o 3, 7,
0.0 2. 0.
0,o 4. 8.
0.0 3. o.
o,o 1, 0,
,5 2. 0,

0,0 1. o.
0,0 1, 18,
0,0 1, 0,
,6 ?, 0.

0,0 1. o.
0,0 3. 0.
,6 2. O.
.6 3. 10,

0.0 t, 2,
o.o 8r 0.
0.0 16. 13,
0.0 2, o.
0.0 1, 0.
0,o 1, 6.
o,0 t. 0.
o.o 3, 0.
0.o 3. 3.
0.0 3, 32.
0.0 4, 12.
0,0 2. 0.
0.0 9, 0.
0.0 8. 24.
o. 0 4. ?8.
0,0 11, 0.
o,o 11. ?3.
0,0 6, 6.
o,0 2. 3,
0,0 3, 7,
0.0 3, 0.
0.o 2, 4,
0.0 2. o,
0.0 r1. 19.
0,o 5. 35.
0,0 3, 15.
0. o 3. 50,
0.0 4, 0.
0.o 4, 17,
o. 0 3. 12.
0,0 4, 7,
0.0 2, 0.
0,0 5, o,
0.0 1. 0.
0.0 3, 18,
0,0 ?, o,
o,0 3 , 19,
0.0 6, 14.
o.o 3, 2.
o.0 8. 10,
0.0 12. ?5.
o,0 9, 0.
o,o 6. a.
0.0 !. ?4.
0.0 3, 7,
0,o 4. B.
0,o 6, 4.
0.0 4. 0,
0,o :, 0,
0,o 5, 15.
0.0 6, 0.
o,o 2. o,
0.0 4. 10.
0.0 2. a.
0-,9" 3, . 47 

-, .

o,0 10, 0 .



Sa.No. t
AN 116
AN I17
AN I1g
AN 119
AN 120
AN 12I
AN 1?2
AN I23
AN I?4
AN 125
AN 126
AN 127
AN 128
AN 1!9
AN 13O
AN I31
AN 132
AN I33
AN I34
AN 133
AN 136
AN 137
AN I38
AN I39
AN 140
AN 141
AN I42
AN 143
AN 144
AN I45
AN 146
AN 147
AN I48
AN I49
AN I50
AN 151
AN 15!
AN 153
AN I54
AN 155
AN T56
AN 1'7
AN 158
AN 159
AN 160
A N l6l.
AN 162
AN I63
AN I64
AN I65
AN 166
AN 167
AN I6S
AN 169
AN I70
AN 171
AN I72
AN 173
AN I74
AN 175
AN I76
AN 177
AN 178
AN 179
AN 180
AN I81
AN 182
AN T83
AN 184
AN I85
AN I86

UTM(N) UTM(E) Ele. SO
4145410 714640 498
4r45400 714680 489
41451?O 716t20 490
4145460 716940 459
4145460 716990 460
4145?20 716980 46S
4t447AO 716760 494
4t44760 716730 492
4144160 716440 523
4143580 716560 s59
4141900 715560 945
414r220 715500 503
4139680 715260 413
4139680 715300 4r3

139640 71s?60 410
t40960 7t6400 470
t40460 716970 44A
t39880 717100 438
139?AO 7L73?O 429
140600 717380 461
t41140 717720 478

IJH
Ui
UM

UH
Uil
Uil
UX
UH
UH

4141120 717750 480
4!4t040 717720 477
4142350 7la3A0 503
4143540 7177?0 545
4143t00 718230 517
4142640 714740 49r
41426?0 718750 49r
4142920 719200 479
4144360 718860 475
4t44380 718900 475
4r443?0 719460 433
4144260 719460 455
4143280 719700 487
4145310 719730 488
4144940 720480 430
4144970 720520 430
4r44800 720580 4r7
4144700 720740 4!O
4142720 7\9400 464
4142640 719860 464
4141860 719560 501
4141900 720980 481
4140020 718S40 455
4140000 718880 4s5
4139300 719140 4?2
4139900 719560 478
4140120 721200 430
4139660 721160 4!9
41397?0 721?00 420
4149060 713160 549
4148480 715520 563
4149560 716000 535
4149:40 7r5960 536
4149200 716520 506
4149080 716400 505
4139920 713020 396
41398S0 713020 397
4140540 713970 400
4141080 713760 3al
4139240 7135?0 382
4143040 712940 457
4r43080 712900 458
4!46620 712080 540
4144660 720760 409
4144180 721140 396
4r44180 721140 397
414?220 717140 569
4145740 715200 469
4L462EO 714600 477
4140800 710900 409
415?880 721320 530
4152840 721350 528
41s2390 7210?0 488
4150760 7?1320 432
4150550 721120 415
4150510 721160 416
4150710 7t1360 430
4131490 7223t0 487
4-152930 723980 478
41329?0 723960 479
41529sO 724120 480
4150J80 722910 462
4749740 7?26?0 420
4149260 7226A0 400
4t49240 722720 399
4149470 7?294Q 430
4440450 722960 429
4449320 723760 530
4448920 7?2930 390
4747?OQ 721600 367
4147940 72L620 364

tJtt l0
UH 11
!il l2
uil 13
uH 14
uH 15
Uil 16
UH 17
ltlt 1 I
UH 19
lJi 22
uft 23
UH :4
Uil 25
ux 26
tilt 27
UH 28
uM 29
UM 30
uH 31
Uil 32
uh 3? I
sH 33
Uil 34
liif{ 35
Uil 36
UH 37
UH 38
uH 39
uH 40
Uil 41
UH 4?
ufr 43

r473"O 772440 337
147340 7?1490 357
r47!40 721740 426
146870 722360 375
148040 7?3710 428
148000 723740 430
l467A0 723100 398
146500 723300 355
146540 7239?0 402
146540 7239?0 402
146300 722310 400
143820 723160 349
144380 7?:010 380

41443S0 7?t020 380
4144970 72?860 318
4145350 723600 348
4145340 723680 348
4145050 724060 347
474?EAO 72t7AO 424
4142830 72t770 428
4142?70 721640 443
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Li
1.9
1,?
2.O
1.O

.7

?,5

.3
1.0
2,t
1.1

.a

,8

1,0

1,8

4.4

.s
1,O

3,1
LS
3,4
1.8

,6

1,2

Co
13.
15.
13.

7,
a.

7,

2,

1,
a.

6,

10.

2,

15,

6.
13.
7,

2,

t7,

7,

10,

7,

12,

l.

t.
2,
l.

7,

3.

t0,
7,
7,

Ni

12,
o,

0,

10.

2,

3,
2,
t,

3.
?,

10.

50.

3,
L

cd
0.0
0,o
0.0
0.0
0.0
0.0
0.0
0,0
0,0
0r0
0,0
0,0
0,0
0.o
0.0
0.0
0.0
o.o
0.o
o.o
0,0
0.0
0.o
o.0
0,0
0.0
0,0
0,0
0.0
0.o
0.0
0.0
0,0
0.0
0.0

0,0
o.o

0.0
o.0

0.0
0.0
o.0
0,0
0,0
0.0

0,0
0,o

Rb
6.
9,

2,

?,

13.
6.

6,

2.

3.

l.
1,
2,
?,

2,

2,

L

2.

7,

am

lo.
10.

6,
20.
ll.
12,
0.

ll.
10.
a,

t2,

0.
13.
10.
a,

6,

o.
?o.

15.

0.
7,

t7,
14,
0.

0.
16,

12,
14.
16,
10.
11.

o.
0.

17,
42,
15.
7,

20,

16.
t7,
13.
o.
7,

o.
0,

15,
10,

0,

40.
19.
27,
?5.
5?.
1?.
41.
10.
10.
1?,
!0,
14.
18,

lll

25.

?t.
13.
?3.
19.

L
o.

pg

60.
80.
29,
42,
s0.

58.
32,

0.
34.
55.
37,
45.
32.
33.
15.

23.
16.

26.

12,
21.
45.
35.
15.
16,
50,
46,
a0.
54,
80.
77.
12.
40,
51.
36.
80.
20,
20.
L

?7,
17,
17,
11.
37,
t2,
22,
17,

20,

6.

38.
48.

45'
70,
40,
37,

13,
77.

0.
77'

37,

6.

19.
30,
25,
24,

59'
9.

30.
42,

32.
50.
5?.

60.
29,
30.

63.
60,
50,
3?,
1S.
11.
t2,

26,

65'
?3.
20.
15.

ep
o.
0.

o,
0.

0.
o.

0.
0.

0,
3.

3,
20.
0.
0.

Cr Mn Fo
10. 637, ?. t0
ro, 697, 2,rS
r9,954.3,00
16.45s, ?.12
?0,373,4.40
13, 361 , s.83
23.2S5. .89
29,294, r,96
28. 381. ?.56
3, 69, t,?4
4. ?0r.1.53
3, 7l, .S8

13,303.2.99
It. 479, r,09
12,326, ?,25
13,2s4, ?.15
12,414,1.51
10. 330. 3,31
5, 227 , t,73

19.426.4,01
?8. 435, 6.33
67.315.4.01
t?,325.3.02
11,350,1,22
7, 294, 1,73

r1, ?19.2.60
7, 92, ,76

tt. 274, l,07
a, 92, ,71

19. 313. t ,8 4
11.445.3.05
11. 199, l.?5
34.406. ?,28
6,302.3,60
6.231. ?,69
9,445.14,81
5.474,3,99

14. ?66.1.85
8, 633.11.O7
a, 679 , ,74
9, 17?. 1.31
6, 343, 7 ,32

11, 272, 3,30
72, 424, ?,44
3, ?67. 2.10

17. !90. l.l9
35. ?71. 1.04
67, 337, 2t88
9,652,8.61
6.276,1,94

?o,233, ,32
1 5, ?94. 1 ,00
32,376. r.80
23, 332. 1 ,56
lo. 737, 1,22
20. 189. 1.17
14. 76), 2,Ol
14, 497, ?,30
20.231. t.05
33, 301, 3.55
2r, 276, 2,37
10,395. t.76
9,492,2,91
9, 243, .63

10. 282, 2,90
16, 604. 5.70
14,644,7,45
3. 100, ,70

Ag 86 Pb Sr
0.0 40. 5, ?,4
0.0 50. 6, ?.9
0,0 40. 11 , 2.3
0.O ?O, 9. 1.9
0.0 20. 8, 1,9
o,o lo, 9, 1.0
0.0 10. 4. , I
0.0 30. 8, r ,7
0.0 50.10. 2.€
0,0 10, t 0. ,4
0.0 20. 4, 1,7
o,o ?0, 4, Ll
o.o 40. 11. ?,5
0.0 t20,12' 4.5
0.0 50, 9' 2.8
0.0 30, 3, 2'4
0.0 30, 8,
0,0 40. a,
0,0 30, 6,
0.0 ?0.15,
o,o 30, ll,
0.0 30. 9,
0,0 30. 7 ,
o,0 r0, I
0.0 ?0. s. 2,:
0.0 40. 7 ,

chl ma
12, 0.
6, O,

3.4

lr4

1.9

3.4
4.9
t,6
1.8

5.

0,
0.

L7,
23,
0.

t2,
12.
0.

11,
13.
o.

17,
9,

t0.

12.
0.

26,
12,
0.
o,
0.
0.

17,

o.
o.
0.
0.
0.
0.

13,
6,

10.
0.
o.
0.
a.
0.

14.
8.
6.

34.
0.

1?.
8.

10,

6,
o.

o,
4.
0.

15,
41,
?o,
20,

12.
46.
70,
70,
70,

53.

o.
o.
0.

0.
0.
0.
0,

0.
0.

t3.
7,
0,
0.
0.
0,
0,
0,
0.

0.

6,

0.

o.

lo.

26,

a,

lo,

16.

16,
6,
8.

19.

?.
8.

L

7,

13.
13.

16.

lo.

8.

14,
t0,
8.
2.

11.
ll,

17,
L
6l

10.

21.

10,

a.

4,
14,
7,

0.

o.

0.
o.
0.
0.
0,
o.
0.

o,
0.
0,

15,

0.

0.
0.
0.
B.

o,
o,

0.

0.
0.
0.

0,
o.
0.
0.

0.

0.
0.
0,
0.
o.
0.

o.
13,
0.
0,
0.
o,
o.
0.
o.
o,
0,
0.
o.
0.
o.

0.
0.

13,

0,

0,

0.

0,0 :0. 4,
o.0 ?0, 10.
o.0 20 . 4,
0.0 20. 6, 1,9

10. 1,9
4. 1,4
7, 1,8

10. 1.4
8. ,9

14. 1,9
7, L,3
4. 1.3

14. 1 ,9

o.0 20 .
o,0 t0 .
o.o 10,
0.0 10 ,
0.0 10 ,
o.o 10.
o.o 10.0.0 10.
0.0 10.
0.0 30. 4, 1.9
0.0 20, 8, 2.0
o,0 10, 14, t,6
o.0 30. 1?, 1,4
0.0 80, 11. 6,7
0,o 30. 5. 1.7
0,0 ?0, 7, |,a
0.0 10. 7, 4,6
o,o 60, 7, 16'3
0. 0 10, 2,4
o.0 20.
0,0 10.
0.0 :0.
0.0 50,
0. o 30.
0 ,0 20.
0, 0 10,
0.0 30.

.9 0.o
?.1 0.o
r.0 0.0
.9 0,0
.9 0.0

4.2 0.0
4.1 0.0

0,
0,
0,
0,

3,

o.

0,
la.
20,
a,

20,
42,

0,
0.

0. 0 20.
0,0 t0,
o, o 20,
0. 0 30. 8.
0,0 r 0. 3.
0,o 40, 7,
0.o lo, 3.
0.0 10. 7,
0 ,0 !0,
0. 0 10,
0.0 10.
0. 0 20,
0.o lo.
o. o 20.
0, 0 10.
0.0 10.
o,o 30.
o.0 30 .
0,0 50.
0,0 30,
0.0 30 ,
o.o lo.
o,o 60,
0. o 40.
o,o 30,
0,0 40 .
0. o 20.
o.o 30,
o,0 ?0 .
o,0 :0 .
0,0 20.
0 .0 20.
0 ,0 30,
0.0 10,
0.0 10,
0 .0 20,
0. o 20.
0,0 ?0.
0.0 10,
0.0 ?0.
0,0 10.
0.0 30.
0,0 50,
0,0 J0,
0. o 20,
0.0 :0 .
o.o 60,
o, o :o,
0,0 10,
0.o 30,
0.0 10.
0.0 20.
o.0 40,
0.0 :0.
0.0 40.

1.4 0.o
1,5 0,0
.0 0.o
.3 0.0
,4 0.0
.9 0.o
,0 0,o

l,? 10,685,2,73
1,3 96.360, r.73
1,8 5.534,2,36
.6 !, 14, ,13
,7 ?, L9, ,19

?, 1 A. 49, ,?2
2.6 52,214,1.81
2.1 14.410,2,43
1,4 10, 151. 1.36
t,9 8. 142, 1,20
3.8 6, 69 , .66
4,1 9, 38. Ll0
3.5 12. s9. 1,14
1,O 4. la3. ,69
t,7 r34,227,3,66
1.3 55.223.3.79
,,9 47, 237, l,69
1,6 35. 257, 1,36
1.4 25,298, ,92
2,9 -JA,262, t,97
3,0 37, rA7, 2,73

36,

40,
19,
24,
30,

40,
?3.
22,

16.
29,
65,
19,
62,
59.
44,
31.
50.

30.
26,
16,
13.
30.
67,
?0.
?2,
25,
30,
16r
45,

20.

.1

.a

,6

.8

,5
0.0
0.o
0,0
0.o
0,0
o.o
0,0
0.0
o.o
0.0
0.0
0,o
0,0
0.0
0.o
0.0
0.0
0,0
o.o
o,o

0.
o.
0.

o.
0,
o.
0.
o,

6,

16,

o.
lB.
0.
0,

10,
6,
3,

0.

0.

0,
0,

0.
0.
o,
o.

o,

1.5

?.3
2.3
1,5

1,6
1.6

2.2 AA, 394, 2,64
1.1 7,195,6.34
1,t 18.683,6,08
1.2 17. 4€3, 3,22
7,9 34, 287 , 6,O2
t,7 6,733,4,96
1,3 7, 538. 3.39
1,7 25, ?37 , t.06

.0

,0

,o
o,o
0.0

2,9

,8
1,1

.9

.€
2,1

.8
1.8
?,6

5,115, ,42
27,195,1,33
36, 254, 1,18
6, 244, ,J7
7, ?66, !,07

16, 339, 1.71
25,1003. 3,36
36,270, ?,03
10,:18. r.88
19, 389. :,93
20. ?s1.4.78
10. 178, .81
13.605,2r43
9.212,1.40

13,575,2,74
9, 114. ,47

1.9
1,4
1.1
?.o
1,7
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?,7
1.0
2.3

?,2
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4.3

0,0
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APPENDIX: GEOCHEMICAL DATA FOR ANDERSONVILLE AND wILLIs MOUNTAIN QUADRANGLES
UTM(N) UTM(E) Elo. SO

4142AAO ?21770 4a7 |

69

Sa.No. i
t,t't a4
Ul'l ,ts
UX 46
nl{ 47
Ui,t 47 A
UH 4g
UX 49

4141950 721500 448
4139570 721560 392
4139560 721600 392
4139220 7?1700 38S
4143560 723710 399
4140340 723350 470

ui 70 4145680 727340 311
l,th 7l 4149440 7?7160 3rs
rx 72 4145000 727120 310
uil 73 4144490 727920 3tA
ur 74 4144570 726560 319!|t 75 4144320 726400 320

uil 50 4140000 724190 431
ult 51 4140040 724200 430
sil 52 411t590 7241?0 409
uil 53 4141610 7?s020 385uil 54 4141570 725040 385
UN 55 4t40160 7?5230 {05
ux 56 4!.40?10 725220 405
Bi 57 4140190 7256S0 396
uil 5s A 4140450 726360 339
[n 58 I 4140880 726860 358
ulr 59 A 414?480 7?3840 377
lth 59 B 4142720 7?6010 37r
tJil 60 A 4142160 727070 330
l,ilt 60 B 4142420 727530 330

tm 67 4144060 72A360 332 2ui 69 4r45820 727450 319 1

lfi{ 61 4141920 727sS0 325 3
ux 62 4rat220 727740 335 I
utt 63 41433SO 72S900 304 2
un 63 A 4139860 727740 36? |
tJX 6,1 4143400 7289oo 3OS 3uil 65 4143s60 7284S0 318 r
uil 66 4143600 728500 3r9 2

Li cr Mn Fe Co
1,5 S,299.1,35 5.
,9 4, 3rS, 2,2? 5.

L0 7, 4A7, 2,92 5.
2,0 t?, 229, ,99 5.
1.4 11.49S.1,46 4.
1.5 27.565.4,80 S.
1,1 16,643.1.79 6,
1.9 8.434.1,?4 6.2,1 13.44S.2,51 7,
1,2 13.48s.2,73 7,
1,1 13,909.5,54 9,
1,2 22.370. t,34 9,
t.5 18.3S9.1,t0 7,
2,O 29,375,3,28 12.
2,4 31.612.2.70 r5.
t,3 15,346.2,11 S.
6,1 lg. B8l, 1.74 t0,
.7 14.331.3.r8 7,

?,o 22, 346, 
'.Bz 

9.
3,5 13.1112, 1,51 1r.
3.3 r7.914, r,75 r3.
1,2 t2, 397, 2.41 6,

11,1 17,1331,2,16 ?0,
5,6 11,310. r.0? 7,

13,6 16,953.2,23 15.
4.0 16.475.1.59 11,
3,4 19.376,1.60 10,
4t7 13,426, ?,r4 12,
4,4 t7, 42A. 2,tO r2,
.9 8,678.5.11 9,

1,1 lor 479.6.48 10,
1,0 8,363, r.81 8.
3,3 24. 599. 1,66 11.
2,4 23,290,1,60 7.
.8 9. 237. 3.60 7 ,L,9 t7,449, ?,22 a.

2,1 13, ?70.1.03 7,
5.9 25.710.2,63 16,
1,2 ?3.461,4,18 L
1.8 r5, 823, 4.50 12,
1 , 5 20, 504 , 6,06 10.
1,? 9.322.3.05 7,
,7 4.3t8.1,24 5,
,6 5. l8g, .a6 5,

1,7 14.249.1.20 7,
r.7 10,378, r.46 A,
1.6 18.430,1,71 8.
,9 S. 307. 6.91 9,

1,6 ?4,449,6,45 13,
s.5 2t. 5s6. 2.67 13.4.0 20.495,3.92 12,
1.0 6.241.2,83 5,
2,1 12.7ta,3.83 10,
1,8 10,658.4.06 9,
l.? 3.115. ,92 4.
r.0 11,314,14.05 tr.
1,1 9,692,4,64 t3,
,g 8,150,1,78 4,
,5 5, 400, 4.?: 7,
,7 8,286. ?.43 5,
,6 3, 7 6, ,47 3,

1,2 3. 96, .53 2,
,9 3, 80, ,4A 1,

1.1 4. t1S. .56 4.
1,6 5. 114, ,7t 5,
t,2 5.232. ,96 5.
1.0 4,395, ,A7 5.
1,2 4.125. .70 4,.7 3,102, ,40 2,
1,4 6, 34A. l.O5 5,
1.0 3.164. ,47 3.r,6 6, t7A, t,20 5.
2,1 4. 478. 1.11 5,
!.1 5.159.1.07 4.
2,t 7, 544, 2.08 9,
2,t 14, 33?. 2,36 L
2,4 8,203, ,A7 6,
2.3 9,26t. r.18 5.
1.4 6,477.2,76 6.
,9 8,3l4r 1,95 5,

r.t 7,336,14,A7 14,
1.7 10,243,1,16 6.
l,? ?1. r88.1,72 6,1.4 11.278,3,47 10.
r, I 1?, 205, 1.60 s.
.7 l9r ?a1.4,81 10.,6 10.360r 5,40 9,

1.0 r1.350,5.77 S.
6,3 25, 462, ?.55 17,
1,7 |a,449, lt77 9,
1.3 3.1174, f,r15 7,
9,4 19. 63r. ?.01 14.
s,3 7, 311. l.l5 7,
4.O 6,14?, .69 4.
s.3 4,147, ,70 4,
4,4 8. ?22. .94 4,
5.0 B, t47.1.03 5.
4,7 tO,34t, L,17 6,
1,5 4, t96, ,66 4,
2,6 19,349.1,44 L
,9 ). 193. 1,22 3,.9 8.3?9,2,04 5.

1,8 21,412.3,83 8.
s,t 10. 95,1.04 5.LO :. 123. ,73 3,
2f5 lO. 85, ,66 3.
I r0 14. 160. .73 4.
.5 10.330. l,61 4,

4.0 12,553.3.33 8.
,9 6,194.4,29 5.

Ni Cu Zn Ag Ba Pb Sr Cd
4 , 7 , 26, 0,0 40. 6, 2.9 0.0
?, 4, 2?, 0.0 20, 5. !,3 0.0
3, 6. 31. 0.0 20,. 8. 3.4 0.0
7 , L3, 

"2, 
0.0 50. 4 , 5 .6 0,0

5. 5, 21, 0.0 30, 4. 5.9 0.0
7, 6, 37. 0.O 20. 7. 4.0 0.0
6, 4. t9, 0,0 J0. 6. 3.3 o.0
4. 3, 33. 0.0 i0.11. 3.4 0,0
S. 7, 36. 0.0 ?0, e. 4,4 0.0
s. 4, 27, O,0 10, s, 3,2 0.0
6, 4, 44, 0,0 10.11, 4.0 0,0
7, 6, r8, 0.0 20. 5, 3.1 0.0
6, 4, 27, O,0 30. B, 2.8 0.0

11, 11, 33. o.o ?0,7,2,6 o,o
14, ll, 38. 0.0 30. 9. 4.0 0.0
7, 4, ?3, o.o zo. 7, 3.1 o.o

111 14. 4t. 0'0 70. 13' 4.8 0,0
2, 3, 23. 0.0 20,7, ?,2 0,o
7, 6, 2r, 0,0 20, 8. 6.0 o.o

10, 7. 25, 0.0 60,12. 2tS 0.0L t2, 28, 0,0 40.10, 3r3 0,o
5, 5. 29. O.0 !0. 6. t,8 0.0

20. 15. 48, 0,0 1?0,15, 7.3 0.0
7, 7, 29, 0,0 S0. 9. 5.t 0.0

t2. 15, 48, 0,0 90,16. 6,3 0.0
8, 9. 34. 0.0 40. 7. 4.? 0.0
9, 8, 30. 0,0 30, s. 3.8 0.0
9, 12. 32, 0,0 70,9,9,9 0,O

11, 9. 37. 0.O 60,10. 8.7 0.0
3. r0. 34. 0.o 20. 8. 3,2 0.0
a, 17, 32, 0.0 20, S. 3.2 0.0
2, L7 , 23, 0.0 20. 4. 2.3 0.0
9, 9. 33. O,0 30, 7, 5.8 0.0
a. 5, 2?. 0,0 20, 5, 6.2 0,0
3. 12. 26. 0,0 20.10. 1.9 0.08. 13. 28. 0.0 40. 7. 3.2 0.0
7, 7, 301 0.0 60. 6. 2,7 0,0

11. 27, 110, 0.0 90.19. 4,8 0,05. 8, 3S. 0,O 20. 6, 3,0 0,0
6. ro, 60. 0,0 30. 7, 2.9 0,o
6, 14. 41, 0.0 30,10. 2,5 0,0
3, 16, 2?, 0,0 20, 8. 2.4 0.0
2, 4. 18. 0.0 r0, 5. 1,2 0,0
1. 5, 15. O.O ?O, 7, t,2 0,O
6, 6, 25, O,O 40. 7, 2.1 0,O
4, 6. 24. 0.0 30, 9. ?,2 0.0
9, 8. 33, 0,0 30. 6, 1.A 0.0
5. 62. 41, 0.0 :o, 6, 2.2 0,0
8. 21. 50. 0,o ?0. 9, :.2 0,0

13, 20. 57, 0,O 80. t0. 16,7 0,09. 15, 32, 0,O 60.10. 16.2 0.0
4, 4, ?7, 0,0 ?0, s, 3.8 0.0
4. 14. s4, 0.0 30. 9. 3.6 0.0
6. 12, 38. 0,0 30. 8, 6.3 0.0
2, 10, !5. o.o 50. 7, r.3 0,o
4, 15. 46. 1,0 20.10, 2.2 .55, 21, 58. O.O 40. t7, t,7 0,O
3. 13, 29. 0.0 30. 5. 1,2 0.0
2, 10, 21. 0,0 10, 7, 1.6 0.O
5. 12. 34, 0.0 :0. 7, 1.7 0,0
2. 2, 11. 0,0 10, 4. 1,t 0,O
3. 4. 13. 0.O 30. 3. 3.8 0.0
3. 2. 12. 0.0 !0, 3. 3.0 0.0
2, 3, 12. 0,O 20. 3, 5,6 0.0
2, 5, 13. O,0 40. 3. 3.9 0.0
?. s. 21, 0,0 30. 7. 1. S 0.0
3. 5, 24, O,0 30. 4. 7,2 0,0
1. 4. 11, 0,0 20, 5, 5,9 0.0
2, 2, 14. 0.0 20. 3, 2,9 O,0
4, 7, 20, 0,0 30. 6. 7.0 0.o
3. 4, 17, 0.0 30. 4. 4,0 0,0
4. 5. ?5, 0,0 50. 4, 4,4 0.0
4, 9, 27, 0.0 70, 6, 5,7 0.O
2, 7, 16, O,0 30. 3r 5.7 0.0
4, 8, 25. 0,0 40, 8, 4.1 0.0
9. 1?. 31. 0.0 60, 3. 3r9 0,0
4, 7, ?7, 0,o 50, 5. 3.0 0,0
1, 7, 23, 0,0 50, 5. 4,0 0,0
2. 19. 4S. O,O 30, 6, ?.0 0.0
3, 4, 21, 0.0 30, 5. 5.3 o.O
6t 9, 29, 1,0 20, 9. 2,O ,6
5, 8, 32, 0,O 40, 8, 2.a 0,0
5. 10r 22. 0,O 30, 6. 1,5 0.0
4, 12, 40, 0.0 30. 6, 1,5 0.0
6, l0r 23r 0.O 20. 6. 1.7 O.0
5, 9. 23. 0,0 20, 6. 1,2 0,o
3. l?, 27 . O. 0 f,o, 9. 2, 1 O.0
6 f 1 3, ?8. 0,0 20, 6. ?,7 0 ,O

14. 24, 36. 0.0 40, B. 28,3 0.0
9, 7, 26, 0.0 40. 8. 7,1 0,0
3. 4. 44. 0.0 20.11, 3.1 0.O

16. 12. 43. 0.0 90.11.13.3 0,0
6, 6, ?6, 0.0 60. 9, 1?,o 0,0
3, 3, 18. O.O 40. 7, 9.8 o,O
5, 3. ?2, O.0 J0. 6. 3.7 0.05. 5. 20, 0.0 40. 9. 6,5 0.0
6, 6, ?7, 0.o 70. 8. 11,r 0,0
9. a, 30. 0,0 50, 8.10.3 0.02, 4, 22, 0,0 30. 6, 4.0 0,0
9, 9, 39. 0,0 70, 6, 6,0 0,0
2. 4. 16, 0.0 ?0, 5. 5.r O.O4. 15. 43. O.0 70,10. 4,8 0,O
6. 6, 21. 0.0 20, 7. 1.9 0.0
5. 11. ?8, 0,0 ?0, 6, r.2 0,03. :, 15, 0,0 10. 5, 1.0 0,0
5, 4, 23, 0,0 30. 6. 1,1 0,0
2, s, 17. 0.0 ?o. 5, 3.4 0,04. 3. 14, 0,0 20, 7. 2.1 0,0
6, 4, 27, 0,0 30, 7. 7.5 0,O
3, 3. 15. 0,0 20. s, 1,1 0.0
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ABSTRACT

Mineral resources in the Andersonville-Willis
Mountain quadrangles area consist of kyanite,
massive sulfides, clay materials and construction
materials. Occurrences of other resources present
or reported in the area inelude feldspar and mica,
eoal, gold, iron, copper and manganese. Kyanite oc-

curs on Willis Mountain, East Ridge, Woods Moun-
tain and the Carwile property; it is being
mined on Willis Mountain and East Ridge. By-
product sand is also produced. No additional
resources are currently produced in the area.

NON.METALLIC RESOURCES

KvenrtCI

Virginia is the leading state in the production of
kyanite (AlrSiO5), a blue to white, transparent, non-

metallic high aluminum silicate mineral. Produetion
by the Kyanite Mining Corporation comes from two
sites south of Dillwyn in the Willis Mountain
quadrangle located in deposits of kyanite-bearing
qu4rtzites. The kyanite quartzite forms the promi-
nerit topographic feature known as Willis Mountain
and a lower hill to the east known locally as East
Ridge. Mining of the kyanite quartzite at Willis
Mountain began in 1957 and has continued since that
time. The kyanite from this mine is proeessed at
plants adjacent to the mine site and in nearby

portions of this report may be quoted if credit is given to the Virginia Division of Mineral Resources. It is recommended that reference to

this report be made in the following {orm: Sweet, P.C.,19S1, Selected mineral resources, in Geologic investigations in the Willis Mountain

and Andersonville quadrangles, Virginia: Virginia Division of Mineral Resources Publication 29, p. 70-75.
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Dillwyn (Dillwyn 7.5-minute quadrangle). The
establishment by the Kyanite Mining Corporation of
a new mine and plant on East Ridge in 1978 effec-
tively doubled kyanite productive capacity in Buck-
ingham County. Potter (1975, p. 583) states that at
least 65 million tons of 25 percent kyanite ore were
estimated from diamond-drill reconnaissance at
Willis Mountain. Open-pit mining of kyanite quart-
zite in this area is followed by three stages of
crushing and drying. A high-intensity wet magnetic
separator was recently set up as a more efficient
method to remove impurities (Dixon, 1980).

The largest portion of the market for kyanite is
maling brick for rotary kilns and furnaces (Dixon,
1980). Some new applications are being developed in
making stainless steel and fiber insulation. Kyanite
may become a source of alumina for the production
of aluminum metal.

Approximately 90 percent of the mullite (produc-
ed mostly from kyanite)is used as refractory lining
in metallurgical and glass-manufacturing furnaces;
the remaining 10 percent is used in kilns, saggers,
boilers, and similar products. Synthetic mullite is
produced by the calcining of high-alumina silicate

ANDERSONVILLE QUADFIANGLE

O lkm
r-..---1

462/

o lmi

minerals. Mullite is also made by sintering a mix of
uniformly ground kaolin and alumina particles at
very high temperatures. This sintering process,
which yields impure, small crystal aggregates, was
the first method used for obtaining synthetic
mullite.

ClevMarnRIALS

Three residual-clay samples (R-7502, R-7505, and
R-?506) were collected in the central to northeastern
portion of the Andersonville quadrangle from the
exposed surfaees of the lower unit of the Chopawam-
sic Formation and the Arvonia Formation. These
samples reached an acceptable test hardness with a
tolerable shrinkage; all three samples have a poten-
tial use for structural clay products.

In the central to southern part of the Anderson-
ville quadrangle and the northern part of the Willis
Mountain quadrangle, six residual-clay samples (R-

7462, R-7463, R-7503, R-7507, R-7508 and R-7509)
were taken over upper Chopawamsic amphibole
gneiss and schist and biotite gneiss (Figure 1). The
hardness of the fired material was low for five of

\^/ILLIS MOUNTAIN QUADRANGLE

R-7

rct-7

N

Figure 1. Clay sample localities.

R-7490
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these samples. The hardness of fired test briquets
for a sixth sample, R-7507, was sufficient, but
shrinkage was excessive. All six materials, accor-
ding to the data, were evaluated to be unsuitable to
make struetural clay products. In the central and
southeastern portion of the Willis Mountain
quadrangle, five samples of residual clays (R-7464,

R-7466, R-7489, R-7490 and R-?504 were eollected in
the area of Triassic-age rocks. Most of these samples
have a good plasticity, and adequate hardness with
tolerable shrinkage when fired (Table 1). One sample
(R-7504), collected in a roadcut near Mt. Nebo Chur-
ch, was found to have an excessive shrinkage at

desired firing temperatures. This clay, if mixed with
a minor amount of silt or sandy material, would pro-
bably make an acceptable material for structural
products.

CONSTRUCTION MATERIALS

At present there are no active rock quarries or
sand and gravel operations within the area of the
Andersonville and Willis Mountain quadrangles. An
area about 2.5 miles (4 km) east of Sheppards was ex-
amined by a crushed-stone operator as a potential

Table 1. Location and potential uses of clay materials from selected samples in the Andersonville and Willis
Mountain quadrangles.

Sample
Number Location Source

Sampled
Interval

Potential
Use

&-7464

R-?466

R-7489

R-7490

R-7502

R-7505

Roadcut, 4.45 miles (7.17 km) east of Transported
Willis Mountain, on the east side of elay
State Road 654 at its intersection with
State Road 634.

Roadcut, 4.75 miles (7.65 km) northeast Residual clay
of Sheppards, on the northwest side of
State Road 600, approximately 0.35
mile (0.56 km) by road north of its in-
tersection with State Road 621.

Roadcut,4.1 miles (6.6 km) east of Curd- Residual clay
sville, Buckingham County, on the east
side of State Road 676 approximately
0.1 mile (0.2 km) by road north of its in-
tersection with State Road 692.

Roadcut, 2.75 miles (4.43 km) east of Residual clay
Curdsville. on the northeast side of
State Road 600 approximately 0.7 mile
(1.1 km) by road north of its intersection
with State Road 704.

Roadcut, 1.3 miles (2.1 km) north of Residual clay
Andersonville, on the east side of State
Road 638 approximately 1.0 mile (1.6

kd by road south of its intersection
with State Road 641.

Roadcut, 3.5 miles (5.6 km) south of Residual clay
Andersonville, on the south side of
State Road 636 approximately 0.1 mile
(0.2 km) by road east of its intersection
with State Road 638.

Roadcut, 1.2 miles (1.9 km) south of Residual clay
Enonville. on the west side of State
Road 633 approximately 0.4 mile (0.6

km) by road northwest of its in-
tersection with State Road ?74.

Composite of three channel
samples, equally spaced in
the roadcut, {rom 3-foot-thick
(1 m) clay in roadcut and from
1 foot (0.3 m) of augered clay.

Composite of two channel
samples from 3.5-foot-thick
(1.1 m) clay taken about 100

feet (30 m) apart in the
highest part of the exposure.

Composite of a channel sam-
ple taken from 5.$foot-thick
(1.7 m) clay; samples from
southern end and center of
the roadcut as well as from
some of the hard shale below
a micaceous siltstone.

Composite of three channel
samples from 3.5-foot-thick
(1.1 m) clay taken 15 feet (5 m)

apart in the highest part of
the exposure.

Composite of three channel
samples from 4-foot-thick (1

m) clay samples about 40 feet
(12 m) apart.

Composite of two channel
samples from 5-foot-thick (2

rn) clay; samples taken 60 feet
(18 m) apart.

Composite of two channel
samples from 6-foot-thick (2

m) clay; samples taken 50 feet
(15 m) apart.

Marginal for structural clay
products (e.g., .building-brick
fired at 1,150o-1,250oC).

Structural clay products (e.g.,

floor-brick, building-brick
fired at 1,200o-1,250oC).

Structural clay products (e.g.,

building-brick, floor-brick
fired at 1,100o-1,200oC).

Structural clay products (e.g.,

floor-brick fired at
1,0500-1,1500c).

Structural clay products (e,g.,

building-brick fired at
1,1000-1,2500c).

Structural clay products (e.g.,

building-brick fired at
1,2000-1,2500c).

Structural clay products (e.g.,

building-brick fired ,at

1,1500-1,2500c).

R-7506
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quarry site in the late 1960's (J. MacDonald, 1979,
personal communication). Examination of thin-
sections by geologists at the Virginia Division of
Mineral Resources from a core taken at this site
near Perkins Creek off the north side of State Road
636 indicates that the rock is graywacke or
metagraywacke. Quarrying operations were not
established at the site.

Good exposures of Triassic-age diabase dikes oc-
cur along U.S. Highway 15 just north of Curdsville
and on the east side of State Road 600 near the
Buckingham-Cumberland county line. This greenish-
black rock is highly resistant to physical breakdown.
Such dikes are typically thin, elongate bodies with
steep dip and are not suitable in physical form to
sustain commercial quarrying. Diabase is not quar-
ried within the area but is produced at several sites
in northern Virginia, where it is more extensive, for
crushed and dimension stone.

FELDSPARANDMICA

There are numerous small pegmatitic intrusives
in the Willis Mountain quadrangle. Two of these
were prospected. One of these prospects is located
in the prominent saddle on Willis Mountain. At this
location several small pits and one trench were
observed. Quartzofeldspathic material and musco
vite books up to five inches long are in the area
around these pits and trenches. The site was pro-
spected many years ago by a shaft 40 to 50 feet (12 to
15 m) deep (Espenshade and Potter, 1960, p. bB).
Another prospect pit is one-half mile (0.8 km)
southwest of the intersection of State Road 6BG and
U.S. Highway 15 at Sheppards. Quartzofeldspathic
material and muscovite books up to six inehes long
are on a small dump. The small size of most of the
pegmatites in this area would limit their potential as
a source of either feldspar or muscovite.

Coel

Several old coal prospects and pits are in the
Farmville 7.5-minute quadrangle, the quadrangle
immediately south of the Willis Mountain
quadrangle. A coal mine which was opened in the
area by the Piedmont Coal Company in the early
1860's produced intermittently until the early
1890's. This mine is located less than one mile (1.6
km) south of the Willis Mountain quadrangle. As
recently as 1920, exploration for coal in this area
was still being pursued.

In the southeast part of the Willis Mountain

quadrangle, four holes were cored by the Division of
Mineral Resources in 1979; the deepest was 180 feet
(55 m). The holes penetrated arkosic sandstone con-
taining thin beds of conglomerate and siltstone; one
hole bottomed in basement rocks. No coal was
penetrated. A four-inch coal seam was reported in a
stream-cut in this area.

Mnrellrc Rnsouncns

Got o

Gold is associated with the massive sulfides.
There are 8 old mines and prospects in the two
quadrangles (Sweet, 1980). Most of the pits and
trenches of these mines are found on linear ridges of
micaceous quartzite and fine'grained quartz-sericite
schist of the Arvonia Formation. The gold is thought
to represent placer deposits formed on the eroded
surface of Chopawamsic Formation rocks. Two of
the largest mines in Buckingham County are located
to the north of Dillwyn, outside of the quadrangles
area. Within the quadrangles area, the Morrow mine
in the Willis Mountain quadrangle was the largest
gold producer. It was one of the first properties in
Virginia on which underground mining was attemp-
ted; the mine was first known as the Booker mine in
L835 (Taber, 1913, p. 199). Later the property was
operated by two companies (W. M. Moseley and
Company and the Garnett Mining Company)at two
mines along the same vein about 100 yards (91 m)
apart; two small mills were in operation at this time.
There were 257.77 troy pounds of gold produced by
the Garnett and Moseley companies in 1850-1852.
Over $60,000 (valued at $20.67 per troy ounce) in
gold was recovered from placer gravels near the
veins during the early history of the property. A g
pound nugget as well as many masses of a few
ounces eaeh and grains of gold were found in a
branch immediately south of the Garnett and
Moseley mines (Taber, 1913, p. 205). In 1854, the
property was controlled by an English company,
which utilized a ?2-stamp mill and two sets of tables
for amalgamation purposes. It is believed that this
mine was purchased by the same company (London
and Virginia Gold and Copper Mining Company) that
purchased the Eldridge mine, located north of
Dillwyn, in 1853 (Sweet, 1971, p. 29). In 1865, the
mines were shut down, but were worked in 1880 by
the Morrow Mining Company.In 1938, the mine was
again operated briefly, being developed by 5 shafts
and 350 feet of drifts. In the mid-1970's three caved
shafts, numerous caved pits, open cuts and trenches
were on the property (Sweet, 1980, p. 8). Summary
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information on the history and evidence of workings
at seven other old gold mines is presented in Table
2.

Coppnn

There is a copper prospect at the southern end of
Willis Mountain. Two shafts 40-50 feet (12-15 m)
deep and about 100 yards (91 m) apart were sunk
around 1870 (Taber, 1913, p. 133). Espenshade and
Potter (1960, p. 53) state that the shafts have now
caved in and that only a dump of pyrite and pyr-
rhotite, along with abundant amphibolite, garnet,
and plagioclase feldspar and ehlorite, are now at the
site.

InoN

Many of the ferruginous quartzites in the Willis
Mountain quadrangle have been prospected. A small
ridge underlain by this quartzite lies due west of the
end of Route 686, approximately one mile (1.6 km)
west of U.S. Highway 15. This ridge contains
numerous small pits and trenches. Prospecting of
these ferruginous quartzites as possible sources of
iron probably began around 1829 (when gold mining
first became active in the area) and continued until
the early 1860's. It is doubtful if any of the ore was
shipped to iron furnaces (Espenshade and Potter,
1960, p. 53).

MANGANESE

A deposit of manganese oxides were worked near
Curdsville (Espenshade, 1954, p.93) in the 1880's or
1890's. Field mapping and also queries among local
residents failed to reveal any information concern-
ing this deposit. An exposure of amphibole gneiss
along State Road 633 and about one-half mile (0.8

km) west of Curdsville may have been described as
manganese because of its color, etc. Manganese
films are common on joint surfaces in deeply
weathered kyanite quartzite.

Table 2. Old gold mines in the Willis Mountain and
Andersonville quadrangles. Locations are shown in
Plate 1.

Quadrangle Comments

Anderson Andersonville A plaeer mine was operated on this
property in the 1830's. A 50-foot
shaft connecting with a tunnel 70
yards long (reported by Taber, 1913,
p. 195) had both caved by 1965. In
the mid-1970's there were about 10

caved shafts, and a very large dump
area at the site (Sweet, 1980, p. fl.

There was placer mining on some of
the hillsides and branches on the
property. A small stamp mill was
built a few years later to crush the
gold ore. In 1865 two parallel veins,
80 feet apart, were opened by 2U2*
foot excavations and two shafts, 3F
to 4$feet deep. Around 1875, a small
stamp was operated for a short time.
A 410-foot tunnel was driven from
the creek to the southeast in the
hillside in 1901;5 parallel veins were
encountered in this tunnel. In the
mid-1970's caved shafts were on the
site; materials in dump piles includ-
ed quartzite with veinlets of quartz
and disseminated pyrite, and some
magnetite and specular hematite.

This prospect was active in the late
1880's. Three caved pits and small
dumps with white quartz were at
the site in 1974.

There was placer mining in the
branches in the 1800's; a shaft and
tunnel were opened before the Civil
War. In the mid-1970's, about ten
shallow pits were in the area as well
as small covered dumps of rounded
white quartz pebbles.

There were 7 cuts and a 2Gfoot
shaft in 1865 (Taber, 1913, p. 195). In
the mid-1970's, five caved pits, and
small, covered quartz dumps were
present (Sweet, 1980, p. ?.

See comments in text.

Bondurant Andersonville

Mine

Gilliam Andersonville

Copal
(Kopall)

Flood
(James

Anderson's)

Morrow
(Booker,

Garnett,
Moseley)

Seay

Willis
Creek

Andersonville

Andersonville

Willis
Mountain

Willis
Mountain

A mill, open euts and shafts were on
the property before the Civil War. a
50-foot shaft was sunk after the war.
In the mid-1970's, there were caved
pits, trench cuts and several dumps.

In the mid-1970's, several shallow
trenches were at the site.

Andersonville
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GENERAL APPENDIX

Field Trip Guide and Road Log

The field trip held during the 1981 annual meeting of the Virginia Section of the American Institute of Min-
ing, Metallurgical, and Petroleum Engineers, Inc. begins with a tour of operations of the Kyanite Mining Cor-
poration. The tour starts with a visit to the Willis Mountain mine site and processing area. This plant was
opened in 1957. The second stop will be at the newest and most modern kyanite ore production plant in the
world today-the East Ridge site. The plant has been in production for approximately two years, and con-
struction at this plant is still underway. The kyanite occurs in kyanite-quartz-mica schist and in kyanite quart-
zite of the Arvonia Formation; most of the kyanite mined is from the kyanite quartzite. Sand, a by-product, is
also marketed.

The four stops at rock outcrops show, in sequence, primary sedimentary structures in the Arvonia kyanite
quartzite, gossan at the Zone 24 massive sulfide, amphibole gneiss of the upper part of the Chopawamsic For-
mation, and ferruginous quartzite. The ferruginous quartzite lies within the amphibole gneiss, and massive
sulfides are associated with the ferruginous quartzites, especially where it has developed gossans. Locations
of the stops are shown in Appendix Figure 1.

The Virginia Division of Mineral Resources, the Piedmont Planning District Commission, and the American
Institute of Mining, Metallurgical, and Petroleum Engineers, Ine., who are jointly sponsoring the field trip,
sincerely thank Kyanite Mining Corporation for leading the group through some of their operations.

ANDERSONVILLE QUADRANGLE
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Appendix Figure 1. Location map for field trip stops.



Cumulative
Mileage Distance
miles miles
ftm) (km)

0.0 0.0
(0.0) (0.0)

EXPLANATION
Begin road log at the main gate of the
East Ridge plant of The Kyanite Mining
Corporation. Proceed east on State
Road 792.
Intersection of State Road 792 and
Staie Road 623. Turn left (north) on
State Road 623.
Cross Whispering Creek.

STOP 1. Indian Gap farm; park on
apron of road and walk % mi. (400

meters) WSW to top of small ridge.
Kyanite quartzite: The Arvonia Forma-
tion at Willis Mountain is composed of
kyanite-quartz-mica schist and an
overlying kyanite quartzite. Both units
are in the upper part of the Arvonia.
The kyanite quartzite is composed of
quartz and muscovite with varying
amounts of muscovite. Accessory
minerals include fuchsite (chromian
muscovite), pyrite, graphite and rutile.
The kyanite occurs as unoriented,
disseminated crystals and as bands in
quartz layers. These interlayers of
kyanite and quartz reflect original com-
positions and preserve relict struc-
tures.

Preserved primary structures con-
sist of wedge-shaped sedimentary
packages composed of interlayered
quartzite and quartzose kyanite. The
basal beds of many of these packages
consist of "jelly bean" gravels that
grade upward into fine quartzite and
terminate at the top as a layer of almost
pure kyanite. These packages are inter-
preted as representing fining-upward
sequences. There are also large- and
small-scale crossbeds and channel-fill
structures preserved in the quartzite.
Proceed south on State Road 623.
Cross Whispering Creek.

Intersection of State Road 623 and
State Road 600. Turn right on State
Road 600.
Intersection of State Road 600 and U.S.
Highway 15; turn right (north) on U.S.
Highway 15.

Intersection of U.S. Highway 15 and
State Road 609. Turn left (west) on
State Road 609.
Cross Willis Riven continue on State
Road 609.
Intersection of State Road 609 and
State Road 633; continue on State Road
609.
STOP 2. Park beside State Road 609:
walk due south % mi. (0.8 km). Zone24:
Oxidized massive pyrite with minor

0.8
(1.3)

0.8
(1.3)
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amounts of pyrrhotite, sphalerite and
chalcopyrite and locally galena occur as
lenses in an east-west zone of more than
1800 feet (548 m) by 700 feet (213 m) on
the Calvin Morris property. Three
nearly parallel lenses gently dip to the
NNW with an average dip of 20o (Ap
pendix Figures 2 and 3; Plate 64').
Although locally deformed, brecciated
and sheared, the sulfide lenses, averag-
ing about 15 feet (5 m) in thickness, are
conformable with the foliation of the
enclosing Chopawamsic Formation. On-
ly the upper sulfide body contains con-
sistently high concentrations of zinc
and copper, although the other two
lenses iocally have high concentrations.
Estimated reserves total 555,500 tons
of 4,87o/o zinc and 0.98o/o eopper (Young,

this volume).
The gossan area itself shows few

fresh sulfide minerals. Concentrations
of zinc and copper in the soil from 100
ppm to about 500 ppm roughly coincides
with the gossan area Plate 64,). The
soil anomaly disappears abruptly to the
north of the gossan because of the NW
dip of the sulfide bodies. Copper and
zinc soil anomalies appear only where
the eontaining massive sulfide is less
than 75 feet (23 m) below the surface.

Intimately associated with the sul-
fide zone are t$'o ferruginous quart-
zites thought to represent recrystalliz-
ed iron-bearing cherts formed along
volcanically generated fractures on the
ocean floor (Good, this volume). The
outcrop pattern of the ferruginous
quartzites partially reflect polyphase
delormation of the sulfide zones (Plate
1). Small-scale deformation seen in drill-
core records includes highly contorted
foliation, local brecciation and shear
struetures, but there is no indication on
the surface that the sulfide body was
emplaced or formed along a fault or
shear zone. The breccias may even be
primary and thus related to submarine
volcanism during massive sulfide
genesis (Good, this volume).

Sulfide Zone 24 was clearly
delineated by chemical analyses of
stream sediment and surface water
samples. Some of the results of these
studies are shown in Appendix Figures
2 and 3.

Return east to intersection of State
Road 609 and State Road 633; turn left
(north) on State Road 633.
Bridge over Willis River.

STOP 3. Park vehicle and walk to out-
crop on west side of road. Amphibole
gneiss: The Chopawamsic Formation
consists of a lower and an upper unit.
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Appendix Figure 2, Stop 2. Sulfide Zone 24, copper and zinc concentrations in stream sediments. Distribution of gossan, ferruginous quart-
zite, and drill core area from plates 1 and 6A. Copper (circles) and zinc (triangles) concentration values in stream sediments: clear circles, 12
ppm or less; half clear circles, 1&17 ppm (1 to 2 standard deviations above reiterated arithmetic mean); dark circles, more than L? ppm (more

than 2 standard deviations above mean). Clear triangles, less than 50 ppm; dark triangles, 50-180 ppm (2 or more standard deviations above
reiterated arithmetic mean).
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Appendix Figure 3. Stop 2. Sulfide Zone24, metal concentrations in water and in stream sediments. Iron concentrations in water (circles)
and in stream sediments (triangles), and concentration of gold in panned concentrates (squares). Clear circles, less than 1 ppm; half clear
circles, 1-5 ppm; dark eircles,6-21 ppm. Clear triangles, less than 5olo; dark triangles 5o/o or more (2 or more standard deviations above
reiterated arithmetic mean)' Clear squares, no detectable gold. One zinc and no copper concentrations in surface waters were at detectable
levels.
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VIRGINIA DIVISION OF MINERAL RESOURCES

EXPLANATION

The lower unit is composed of
metagraywackes, metatuffs, meta-
pelites and interlayered felsic and mafic
metavolcanic rocks. The upper unit con-
tains predominantly interlayered felsic
and mafic metavolcanic rocks which are
represented by biotite gneiss, am-
phibole gneiss, felsic (rhyodacitic)
volcanic rocks, talc-tremolite schists
and ferruginous quartzites. The am-
phibole gneiss is greenish black to
black, medium- to coarse-grained and
well lineated. It consists of coexisting
amphibole (either tremolite-
cummingtonite or hornblende-cum-
mingtonite), plagioclase feldspar,
quartz, biotite and epidote. Accessory
minerals include apatite, calcite, zircon,
rutile and sphene.

In this outcrop the lineation pra
duced by the alignment of amphibole
crystals defines an F, lineation which
corresponds to the plunge of the F,
folds. Type two interference patterns

t2.5 0.7
(20.1) (1.1)

are exhibited in the rock by the con-

trast between lighter (plagioclase-

bearing) and darker (amphibole-bearing

layers. These small-scale folds form M
symmetry patterns, which indicate that
the outcrop is near the axial part of a
fold, in this instance an F3 anticline.
Jointing is pronounced and appears to
have been formed by tensional forces,

developed late in the deformational
history of the area, Proceed north on

State Road 633.

STOP +. Ferruginous quartzite: The
Chopawamsic Formation eontains in-

terlayered ferruginous quartzites
which occur as banded, persistent to
discontinous lenses, The ferruginous
quartzites are composed of magnetite,
specular hematite and quartz with ac-

cessory amounts of garnet, zircon and

apatite. Banding is produced bY

magnetite and specular hematite in-

terlayered with quartz. The quartzites
are intimately associated with gossans
(weathered massive sulfide) zones. In
many instances theY Provide
"pathways" to these zones.

End of Road Log.
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